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SUMMARY
Three hundred and eight strains of Shigella sonnei, 
isolated from cases of dysentery in London in 1972, were exam­
ined for colicine production, antibiotic sensitivity and ability 
to transfer any resistance to E. coli K12. By these means, 61 
types were differentiated. Two predominated in the population, 
namely colicine type 3A with transferable resistance to strepto­
mycin, tetracycline and neomycin, non-transferable resistance 
to ampicillin and sensitivity to sulphonamide (33.96 per cent.) 
and colicine type 3A with non-transferable resistance to ampi­
cillin and sensitivity to sulphonamide, streptomycin, tetra­
cycline and neomycin (12.26 per cent.). Further investigation 
of the multiple resistant strain revealed two different rates 
of transfer of the plasmid, an efficient rate (2,85 per cent, 
to 26.31 per cent.) and a much reduced rate (0.012 per cent, 
to 0.155 per cent.). Superinfection experiments showed the 
presence of a plasmid of the Id type compatibility group 
(49.07 per cent.), with the low transfer strains also forming 
an important group (38.89 per cent.). This Id plasmid was 
found also in colicine type 3A strains not isolated in the 
London outbreak and in other strains of Sh. sonnei having a 
variety of colicine, sensitivity and transfer patterns.
rn 4n outbreak of dysentery involving Sh. sonnei, colicine 
type 0 with transferable resistance to sulphonamide, strepto­
mycin, high-level ampicillin and neomycin and sensitivity to 
tetracycline, occurr&<i mainly in and around Luton* 97 per cent.
of the isolates were shown to carry an Id plasmid. One per cent, 
of the population showed a low transfer strain.
Colicine type 4 strains with transferable resistance to 
high-level streptomycin and ampicillin and non-transferable 
resistance to sulphonamide, tetracycline and neomycin, res­
ponsible for an outbreak in Aberdeen in 1973-74, possessed a 
plasmid of a different compatibility group. At the beginning 
of this investigation a type K plasmid was seen, but as the 
outbreak progressed, a type A and K plasmid emerged to form 
the predominant type. The relevance Of these findings to the 
study of the epidemiology of Sonne dysentery is discussed.
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I N T R O D U C T I O N
INTRODUCTION
"1. The Discovery of Transferable Drug Resistance
In spite of improved sanitary conditions and the concomi­
tant use of antibiotics for clinical treatment, the incidence 
Shigella infections in Japan has not decreased to any great 
extent during the past twenty years. The high incidence of 
bacillary dysentery in Japan caused microbiologists in that 
country to study the emergence of drug resistance, which 
occurred too rapidly to be due to natural mutation and selection 
processes.
At the end of World War II, various derivatives of sul­
phonamide were introduced in Japan for the treatment of bacillary 
dysentery and proved to be very effective for the first few years, 
reducing the incidence considerably.
However after about 1949, the incidence of dysentery again 
increased, despite extensive use of sulphonamide, and most of 
Shigella strains isolated from those cases were found to be 
resistant to the drug. The peak incidence of dysentery occurred 
in 1952. Subsequently, newer antibiotics, such as streptomycin, 
chloramphenicol and tetracycline, were employed for the treat­
ment of infections caused by sulphonamide-resistant shigellae, 
with initially excellent therapeutic effects. The number of 
dysentery patients was again reduced. However, within only 
four years Shigella strains resistant to these antibiotics 
emerged, and the number of dysentery patients was again on the 
increase.
Strains of Shigella resistant to either streptomycin or 
tetracycline were isolated as early as 1953, but strains with 
multiple resistance were not found until 1955 (Watanabe, 1963a).
The first isolation of a shigella with multiple drug 
resistance was made from a dysentery patient who had just re­
turned from Hong Kong in 1955 (Kitamoto at ah, 1956).' After 
this report, many outbreaks involving multiple drug resistant 
shigellae were observed by many t^orkers throughout Japan. In 
one of these, Matsuyama et al. (1958) isolated multiple drug 
resistant E. coli strains from dysentery patients. Little 
attention was paid to this report until epidemiological studies 
of multiple drug resistant shigellae disclosed several unex­
pected features.
Several workers repeatedly found that completely sensitive 
Shigella strains could be isolated from some patients, whereas 
strains isolated from other patients in the same epidemic, and 
belonging to the same serological type, showed multiple drug 
resistance. Some patients were even found to excrete both 
sensitive and multiple drug resistant Shigella strains of the 
same serological type. On the other hand, the administration 
of a single drug, e.g. chloramphenicol; to patients harbouring 
sensitive Shigella strains sometimes led to the excretion of 
multiple drug resistant Shigella strains (Kagiwada et al.,
1960; Kobari and Tajiri, 1959; Ochiai et al., 1959a).
From these findings, Ochiai et al. (1959b) and Akiba et 
al. (1960a) suspected that E» coli strains resistant to several 
drugs might play an important role in producing drug-resistant
shigellae in human intestinal tracts; and they succeeded in 
transferring multiple drug resistance in vitro from E. coli 
to shigella and also from shigella to E. coli. They mentioned 
that no other markers accompanied the transfer of drug resis­
tance. They concluded that the mechanism of transfer of drug 
resistance was neither transformation nor transduction, but 
conjugation, because cell free filtrates of the resistant 
strains could not confer resistance upon sensitive strains.
This finding was confirmed by Mitsuhashi et al. (1960a).
Kagiwada et al. (i960) and Akiba et al. (1961) proved with 
human volunteers that multiple drug resistance could be trans­
ferred from multiple drug resistant E. coli to shigellae in the 
intestinal tract.
In addition to multiple drug resistance, various combinations 
of resistance factors from naturally occurring drug-resistant 
shigella and E. coli strains were found to be transmissible in 
mixed cultivation by Ochiai et al. (1959b), Akiba et al. (1960a; 
1960b) and Mitsuhashi et al. (1961a; 1961b; 1961c). These were 
(sulphonamide, streptomycin, chloramphenicol), (sulphonamide, 
streptomycin, tetracycline), (chloramphenicol, tetracycline), 
(sulphonamide, streptomycin), (tetracycline), (streptomycin) 
and (chloramphenicol), the drugs indicated in parentheses 
representing the combinations of resistance factors that could 
be transferred by conjugation. Many of the studies on trans­
missible drug resistance were concerned with the Sulphonamide, 
streptomycin, chloramphenicol, tetracycline* complex because of 
its medical and genetic importance.
Harada et al. (1960) and Nakaya and Nakamura (i960) 
found that multiple drug resistance could be transferred to many 
other bacteria, including most genera of Enterobacteriaceae, 
by mixed culture. Mitsuhashi et al. (1960b) also found that 
the F factor was not necessary for the transfer of drug resis­
tance among the substrains of E. coli strain K12. Nakaya and 
Nakamura (1960) then succeeded in transducing drug resistance 
*n E. coli strain K12 with phage Pike.
Watanabe and Fukasawa (1960a-h) conducted a series of 
studies on the genetics of the resistance factors, and it was 
apparent from these findings that the factors responsible for 
the transmissible drug resistance existed as cytoplasmic ele­
ments; on the other hand, transduction experiments with 
Salmonella typhimuriumsuggested that resistance factors could 
be attached to host chromosomes.
The term 'episome* for temperate phages, sex factors and 
colicinogenic factors of bacteria were proposed by Jacob and 
Wollman (1958). The characteristics of episomes were that 
they existed in the cytoplasm in an autonomous state, repli­
cating faster than the host chromosome; that they might be 
attached to the host chromosome,^becoming integrated; and that 
the episomes in the integrated state suppressed the autonomous 
replication of themselves in the cytoplasm.
Watanabe and Fukasawa (I960e) proposed the term 'resistance 
transfer factor', RTF, for the genetic unit, because it was 
considered to be a new episome.
2. The Structure of Resistance Factors.
It is generally accepted that resistance factors (R fac­
tors) consist of two major segments; a segment responsible 
for the expression of drug resistance, i.e. resistance genes, 
and a segment capable of conferring the ability of episomic 
autonomy such as replication and sexual transfer, i.e. sex 
factor or resistance transfer factor.
There are at least four types of genetic structure to be 
found whose drug resistance is plasmid-determined (Meynell,
1972). The first is that originally proposed, an autonomous 
plasmid comprising a single replicon linked to resistance 
determinants (Watanabe, 1963a).
Watanabe (1963a) postulated that the genetic determinants 
for drug resistance were distributed on a linear linkage group, 
at one point of which was inserted the resistance transfer 
factor or RTF, responsible for the transferability of the com­
plex. He pointed out that the configuration of the linkage 
group could be rectilinear or circular. Despite this suggested 
linearity, interrupted crosses with the Japan strains revealed 
that the components of multiple resistance could not be separated 
from each other; either no resistance at all was transferred, 
or all the resistances were transferred together.
The second structure is a single autonomous plasmid con­
taining resistance determinants but no sex factor (Meynell,
1972). In the third, two unlinked plasmids are present, one 
with a sex factor and the other without, but carrying resis­
tance genes (Anderson, 1968).
6Anderson and Lewis (1965b) presented a different model 
on the basis of their finding. When they transferred their R 
factors to other sirains by conjugation, both drug resistance 
markers and conjugal transferability were transferred together; 
however, some of the clones that received the drug resistance 
markers were no longer able to transfer these drug resistance 
markers they received to other bacteria by conjugation. These 
non-transferable drug resistant clones did acquire conjugal 
transferability of their drug resistance markers when they were 
grown together with the recipient clones that did not receive 
drug resistance markers in mixed incubation with the original 
R factor-carrying bacteria for sufficient periods of time.
These results led Anderson and Lewis (1965b) to hypothesize that 
the so-called R factor was actually composed of two separate 
elements, resistance plasmid and transfer factor or delta factor 
A  , that might become associated with each other.
Two types of association between A  and the resistance deter­
minants were postulated (Anderson, 1966). The first was loose 
and reversible and resulted in a relatively low frequency of 
resistance transfer to recipient strains^ in the transfer of 4S 
alone to most of the recipient cellsj and in the frequent intro­
duction of the resistance determinants without A  into recipient 
cells. This type of A  activity was found in the ampicillin A  
and streptomycin A> resistance factors.
The second type of association between A  and a resistance 
determinant was shown by the tetracycline resistance factor 
(Anderson, 1966). In this case A  was closely associated with
the resistance determinant so that the tetracycline com­
plex was transferred with high frequency, and the transfer of 
e i t h e r ^  or the resistance determinant alone was rare.
The fourth possible structure for R factors has been re­
vealed by the phenomenon of relaxed replication, notably in 
Proteus mirabilis (Meynell, 1972). This shows that some R 
factors are recombinants of two replicons which separate to 
give two independant plasmids.
At present, it is impossible to state the overall inci­
dence of these types.
3. The Molecular Nature of R Factors
R factors are self-replicating genetic elements. They
32are inactivated by the decay of incorporated P (Watanabe, 
1963b). They can be trarfduced by phages, and the transducing 
particles of R factors are inactivated by ultraviolent irradia­
tion (Anderson, 1968). These facts suggest that R factors may 
be composed of DNA. It was further shown by CsCL density 
gradient centrifugation of material extracted from R factor- 
carrying Proteus mirabilis that R factors were composed of DNA 
(Falkow et al., 1966; Rownd et al., 1966). Satellite DNA was 
clearly observable in this system and it was lost simultaneously 
with the loss of the R factor, either spontaneously or by 
treatment with acridine dyes. Thus, the satellite DNA was 
identified with the R factor DNA. R factor DNA was purified 
by the combination of column chromatography with density 
gradient centrifugation, and was shown to be composed of typical
double stranded DNA (Falkow et al., 1966).
Recently several classes or ‘compatibility* groups have 
been defined; members of the same group are incompatible with 
each other but can coexist stably with plasmids of other groups 
(Chabbert et a]L•, 1972; Coetzee et al., 1972; Datta et al., 
1971a; Grindley et al., 1972; Hedges and Datta, 1971;
Khatoon and Iyer, 1971; Romero, 1970). Grindley et al. (1973) 
investigated whether incompatibility was an indication of mole­
cular (and therefore probably phylogenetic) relatedness between 
plasmids. Molecular studies of R factors of 6 groups, FII,
II, 12, N, B and H, defined on the basis of compatibility, 
supported the conclusions drawn from genetic studies. In gen­
eral, R factors of a given compatibility group were similar in 
size. DNA reassociation occurred freely between members of the 
same group but was minimal between heterologous groups. An 
exception to this was found in group H, of which one factor 
showed minimal homology with the remaining plasmids of the group. 
A further exception was found with groups II and B, which al­
though genetically distinct, showed between 18 and 28 per cent, 
of DNA homology. Groups II and 1'2 were molecularly distinct, 
despite the fact that they both'stimulate the synthesis of I 
fimbriae.
4. Mechanisms of Transfer of R Factors
Transfer of R factors usually requires the contact of 
living cells, i.e. conjugation, except in particular, cases 
where R factors are transferred by phage mediated transduction.
4.1. Conjugation
Several episomal elements in Enterobacteriaceae are 
capable of autonomous replication and transfer; these episomes 
include F factors, colicine factors, and R factors (Hayes,
1968). Each possesses several genes that are responsible for 
the transfer and other characteristic properties of the episome. 
Interstrain transfer (from shigella to shigella or to E. coli) 
of multiple drug resistance was first demonstrated by Ochiai 
et al. (1959b) and Akiba et al. (1960b), and sex factor acti­
vity was found in R+ strains shortly thereafter (Nakaya et 
al., 1960; Watanabe and Fukasawa, 1960*0. Genetic transfer 
that is mediated by R factors (and other episomes) involves 
conjugation, since it requires cell-to-cell contact and the 
presence of surface structures called pili and can be inter­
rupted mechanically. The detailed mechanism of DNA transfer 
is not known (Curtiss, 1969).
Specific pili have been recognized on the surface of bac­
teria that carry F factors, colicine factors, or R factors;
R factor piliation and its relation to surface structures 
associated with other episomes have been studied extensively 
by Meynell et al. (1968), They found that one group of R fac­
tors (R (f)) produce pili that are similar to those for F 
factors and that act as receptors for F»specific phages (fl 
and f2), while another group of R factors (R (i)) produce 
pili similar to those found on bacteria that carry the 
colicine r I factor.
Many episomes can be transferred between most Gram-nega-
tive species. In general, R factors are transferred at a much 
lower frequency than are F factors (Nakaya et aJL., 1960; Meynell 
and Datta, 1969). However, when certain types of R factors are 
present in cells that harbour an F factor, the transfer fre­
quency of the F factor is considerably diminished. When no 
other episomes are present, F factors produce sex piliin vir­
tually all cells. When certain R factors are present, alone or 
with an F factor, only a minority of cells produce sex pili.
This is due to the reduced ability of R+ strains to produce pili.
According to Meynell et al. (1968), these observations are 
the result of the production of a repressor of pilus formation 
in certain R+ strains; a series of repressor mutants that ex­
hibited high transfer frequencies were found to possess an 
increased number of surface pili. The R factors that inhibit 
sex-pilus formation and fertility in F-factor strains have 
usually been called fi+ , while those R factors that lack this 
ability have been termed fi~ (Watanabe et al., 1964a). Con­
siderations of the pilus type on these two R factor classes 
have led to the suggestion that fi+ be renamed R(f) and fi“ 
be renamed R(i) (Novick, 1969). In all other respects, transfer 
and subsequent expression of R factors is assumed to occur in 
the same way as for other episomes. The RTF therefore carries 
all of the genetic information necessary for conjugation and 
transfer, and like other sex factors can incorporate chromo­
somal genes at low frequency (Sugino and Hirota, 1962).
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4.2. Transduction
R factors can be also transduced by some temperate phages 
in some transduction systems, among which the best studied are 
the systems of phage PI and E. coli K12, and phage P22 and 
Salm. typhimurium LT-2 (Watanabe and Fukasawa, 1961a). The 
characteristics of the transductants are considerably differ­
ent in these two systems.
Phage PI transduces the entire unit of R factors in most 
cases, whereas P-22 can carry only a part of the structures 
of the R factors. The drug resistances are segregated from 
one another in some transductants, clearly indicating that the 
genetic determinants for drug resistances are different. There 
is no segregation, however, between kanamycin and neomycin 
resistances, suggesting that these two drug resistances are 
most probably controlled by a single gene - that is, they are 
due to crossresistance.
The drug-resistant transductants of Salm. typhimurium 
obtained with phage P-22 differ from those obtained with PI.
PI is larger and can transduce both drug resistance and the 
ability to cause cell-to-cell contact, whereas P-22 is too 
small to pick up the genes that cause cell-to-cell contact 
together with the genes for drug resistances. Thus, drug- 
resistant transductants obtained with PI can transfer their 
drug resistance by conjugation, but those obtained with P-22 
cannot.
5. Conditions Governing the Frequency of Transfer of R Factors
The frequency of transfer of a resistance factor (R fac­
tor) depends on a number of factors: the recipient, the donor,
the physiological state of the donor and recipient cells, the 
rate of transmissibility of the transfer factor alone, the 
nature of the linkage between the determinants and the transfer 
factor, the particular determinant and transfer factors con­
cerned and non-specific factors (Anderson, 1968). Other con­
ditions being equal, a given R factor transfers at a constant 
frequency in a particular donor-recipient combination.
Different members of the Enterobacteriaceae vary in their 
susceptibility to infection with a given R factor. E. coli 
K12 is an excellent recipient for R factors of widely diverse 
origin, the frequencies of transfer in lhr. ranging from about 
10~^ to less than 10*~^  per donor cell, depending on the donor 
strains employed. On the other hand, Salm. typhimurium phage 
type 36 is a relatively poor recipient for some factors origin­
ally found in E. coli and shigellae, but a good recipient for 
R factors derived from Salm. typhimurium. Different salmonellae 
will accept the same R factor with varying efficiency, and the 
same variability may be found wirthin a single Salmonella 
serotype (Anderson and Lewis, 1965b; Anderson, 1966).
Some strains seem to be more efficient donors than others. 
This character is presumably dependent, at least in part, on 
the state of repression of the transfer factor in the strain 
concerned (Anderson, 1968). Some donor strains were found to 
produce colicines and phages, which reduced the frequency of
transfer by killing the recipient cells (Watanabe, 1963a). 
Similarly, donors may be killed by colicines and phages pro­
produced by recipients.
Transfer of R factors to recipient cultures usually occurs 
at low frequency and may be less than 10~® per donor cell after 
mating for one hour. If the host cells are in a suitable 
physiological state, however, resistance factors spread in 
epidemic fashion throughout a recipient culture. This is 
caused by de-repression of the transfer factors concerned, but 
the initial de-repression depends on the physiological state 
of the donor-recipient system (Anderson, 1968). Epidemic 
spread of the A  transfer factor (and the tetracycline A  
resistance factor) does not start until more than 12 hrs. 
have elapsed after mixing donor and recipient strains. It 
then results in rapid spread between recipient cells, so that 
50 per cent, or more are infected within a few hours. De­
repression of this type was first observed in the colicinogeny 
I factor (Ozeki et al., 1969.) and is the basis of High Fre­
quency Transfer systems described by Stocker et al. (1963) 
for the Col I factor.
Anderson (1968) mentioned two further influences governing 
the frequency of transfer. The rate of transfer of the transfer 
factor alone must be constant for a given transfer factor, under 
defined conditions, and the nature of the linkage between the 
determinants and the transfer factor also determines the rate 
of frequency of transfer. A reversible association of the A-/\ 
type results in a lower rate of transfer of the complete R
factor than close linkage of the T - A  type, in which the rate 
of transfer of the determinants is that of the transfer factor 
itself.
The particular determinant and transfer factors concerned 
also influence the frequency of transfer of drug resistance 
(Anderson, 1968). For example, the ampicillin resistance 
determinant (A) is transferred from type 36 of Salm. typhi­
murium to K12 at a frequency of about 10*"^ when it is associa­
ted with the fi“ transfer factor A  . Both A and A  came from 
Salm. typhimurium 29 AStSuT. When the same determinant is 
associated with an fi+ transfer factor isolated from another 
strain of type 29 of Salm. typhimurium, and is introduced into 
type 36, it transfers from 36 to K12 at a frequency of about 
5 x 10*"* (Anderson and Lewis, 1965b). Thus, the frequency of 
transfer of a given resistance determinant depends on the 
transfer factor with which it is associated. In this connection, 
it may be pointed out that the same determinant can be carried 
by different transfer factors and that the same transfer factor 
can carry different determinants.
Japanese workers first noted that, transfer of multiple 
drug resistance between members-of Enterobacteriaceae did not 
take place as readily in the intestinal tract as in the labora­
tory (Akiba et al., 1961). Subsequent literature suggested that 
R-factor transfer rarely occurred in the human gut except during 
chemotherapy. Smith (1969) obtained evidence in a few instances 
of transfer of resistance from ingested R-factor bearing 
organisms to a resident recipient in a single individual in
the absence of antibiotics. In the study of Anderson et al. 
(1973), R factor transfer did not occur in the absence of 
chemotherapy in four subjects who had ingested very large 
numbers of potential donor and recipient organisms even though 
the plasmids concerned could be freely transferred in a broth 
medium.
Possible reasons for the almost complete inhibition of 
R factor transfer in the gut in the absence of chemotherapy
have been studied in the laboratory by Anderson (1975), with
the plasmids that had been used in the human experiments
(Anderson et al., 1973).
The aerobic Gram-negative bacteria that are known to be 
involved in R factor transfer form only a small minority of 
the intestinal flora, which is predominantly anaerobic.
Since Bacteroides species form the main component of the gut 
flora, the effect of these organisms upon R factor transfer 
was studied (Anderson, 1975). Populations of donor and reci­
pient organisms were chosen that were similar to those that 
might be found in faeces. The addition of suspensions of 
B. fragilis, of somewhat lower density than those normally 
found in faeces, completely stopped R factor transfer (no 
detectable transfer even after 24 hours), whilst the addition 
even of quite small numbers of this organism had some effect. 
Filtrates of B. fragilis cultures, or dense suspensions of 
formalin-killed organisms had relatively little effect on 
transfer. The effect of B. fragilis may be due to the pro­
duction of an unstable metabolite or to a component that is
destroyed by formalin, which either specifically inhibits 
conjugation or suppresses metabolism.
The lack of effect of dense suspensions of E. coli, 
or a slurry of cellulose powder upon transfer frequencies 
suggested that inhibition of conjugation in the gut is un­
likely to be due entirely to the purely mechanical effects of 
inert material (Anderson, 1975).
Conjugation is known to be inhibited in both cultures by 
bile salts such as sodium taurocholate (Koyama and Akiba, 1961; 
Wiedemann, 1972). These may act by lowering the surface ten­
sion. The effect of bile salts and bile pigments upon R factor 
transfer in the gut is difficult to assess in the laboratory 
because bile salts undergo a variety of chemical changes during 
passage down the gut. A realistic laboratory model for bile 
salt or bile pigment action cannot therefore be provided and 
laboratory findings should be viewed with some reservation. 
Nevertheless, bile salts do have some inhibitory effect upon 
conjugation in vitro, and may do in vivo.
Therapeutic courses of ampicillin or tetracycline increased 
populations of resistant organisms, arising in the gut by con­
jugation, from undetectable to very large numbers (Anderson 
et al., 1973). It is possible that as well as selecting for 
resistant organisms, antibiotics may also act indirectly by 
interfering with the Gram-positive or Gram-negative anaerobic 
flora which may normally suppress R-factor transfer.
6. Stability of R Factors
It seems probable that, in general, those R factors best 
able to survive in a particular bacterial host will be most 
commonly found in that host when ecological pressures demand 
the presence of drug resistance for its survival. However, 
transfer factors were common in enterobacteria before the large 
scale appearance of drug resistance (Anderson, 1968). It is 
thus possible that these transfer factors have long maintained 
a state of symbiosis with the hosts in which the R factors are 
ultimately detected. This would contribute to the stability 
of the R factors in these hosts.
Watanabe and Fukasawa (1960c; 1961b) found that treatment 
of multiple drug resistant shigellae and E. coli with acri- 
flavine and acridine orange converted the cells to drug sensi­
tivity, at a low frequency. UV light may also affect R factors, 
although the effects demonstrated have been restricted to the 
resistance determinants (Anderson, 1968).
6.1. Stability in vitro.
The R factors are usually stable in those bacterial hosts 
in which they are originally identified. Thus, they persist in 
the shigellae described by the Japanese workers, and are also 
stable in most of the salmonellae and E. coli examined in the 
Enteric Reference Laboratory (Anderson, 1968).
A variable proportion of drug-sensitive cells were found 
in cultures carrying R factors (Mitsuhashi et al., 1960a; 
Watanabe and Fukasawa, 1961c). This seemed to indicate loss
of the whole factor from some clones, since the sensitive 
variants behaved in all respects like R~ cells. The proportion 
of R“ cells present in an R+ culture was dependant both on the 
R factor and on the host bacterium; it varied from being barely 
detectable to about 1 per cent. It was increased by serial 
passage in broth (Watanabe and Lyang, 1962).
Datta (1962) showed that the triple drug resistance (strepto 
mycin, tetracycline and sulphonamide) in Salm. typhimurium 27 
resembled the multiple resistance found in Japan in the spon­
taneous loss of resistance from about 0.5 per cent, of organ­
isms in a resistant culture.
Storage of fresh clones of Salm. typhimurium phage type la 
(resistant to ampicillin, streptomycin, sulphonamide and tetra­
cycline) on Dorset Egg medium at room temperature for some 
months resulted in the appearance of clones from which all 
resistances had disappeared (Anderson and Lewis, 1965b).
Spontaneous loss of a different sort has been observed in 
a strain of phage type 29 of Salm. typhimurium, resistant to 
ampicillin, streptomycin and tetracycline (Anderson, 1968). 
Storage of this strain on Dorset Egg medium at room temperature 
for two months or more resulted in spontaneous loss of ampi­
cillin or streptomycin resistance. A line that had lost ampi­
cillin would ultimately lose streptomycin, and vice versa.
The end product was thus a line carrying only the tetracycline 
resistance determinant and the transfer factor.
Zajc-Satler et al. (1969) isolated 513 strains of 
Sh. sonnei from clinical sources (sporadic cases of shigellosis
in the years 1961-1968). Among them 40 (7.8 per cent.) were 
multiple resistant. The strains isolated from 1963 onwards
■ r ' -
(380 strains) were saved and stored at room temperature; 24 
of the original 40 multiple resistant strains were included.
5 of the 24 strains (i.e. 20.8 per cent.) spontaneously lost 
their multiple resistant character after about 4 years of 
storage.
6.2. Stability in vivo.
Strains of enterobacteria carrying R factors are now so 
commonly found in the animal and human intestine that it is 
difficult to pronounce on their stability in vivot and only a 
long-term study can decide this. An important difficulty in 
such a study is the present widespread use of antibiotics 
which provides the selection pressures that maintain the in­
tegrity and dominance of patterns of multiple resistance in 
intestinal bacteria.
Some information is available on this subject, however, 
and one example comes from a study of cultures of Salm. typhi­
murium found in a ‘closed herd* of pigs, in which an attempt 
was being made to eradicate infection by stocking with 
Caesarian hysterectomy derived piglets (Anderson, 1968). 
Tetracycline was used as a feeding additive only during the 
first few months of the existence of this herd. It was then 
abandoned as an additive and was subsequently used in sporadic 
fashion for an additional few months therapeutically. ItS-s 
use was discontinued thereafter. Salm. typhimurium infection
occurred in the history of the herd, and transferable tetra­
cycline resistance, which soon appeared in the cultures iso­
lated, later became the rule. Tetracycline resistant strains 
of Salm. typhimurium were being isolated from animals in this 
herd about 18 months after the administration of tetracycline 
had been abandoned. As these cultures were resistant only to 
tetracycline, it could not be argued that their persistence 
had been ensured by the use of other antibiotics. It must 
therefore be accepted that the tetracycline R factors in these 
strains of Salm. typhimurium were stable.
Another example of the stability of R factors in vivo was 
the persistence of the common resistance pattern ArapStSuTeFu 
in strains of phage type 29 of Salm. typhimurium isolated from 
cattle and man, over a period of three years, from the end of 
1964 to the end of 1967 (Anderson, 1968). Although antibiotics 
were used in both hosts, their use was less prevalent than be­
fore, and in many instances in which the resistant organism 
had been isolated, no antibiotics had been administered.
Medeiros and O ’Brien (1969) determined rates of spontaneous 
loss of resistance from Serratia species isolated from 100 
hospitalized patients. It was observed that Serratia species 
lost resistance to multiple antibiotics at a high rate as 
successive isolates from the same patient gave different 
resistance patterns. This rapid loss of resistance was of 
practical interest to the diagnostic laboratory because the 
antibiotic resistance of a single colony selected for suscepti­
bility testing might not have represented the resistance of the
originally isolated strain.
7. The Levels of Drug Resistance Conferred by R Factors
As would be expected, the level of resistance attained by 
a strain carrying an R factor depends on the two components: 
the host cell and the resistant determinant. Watanabe and 
Fukasawa (1960a; 1960b; 1961c; 1962) pointed out that the 
same R factor may produce different levels of resistance in 
different hosts. A streptomycin R factor conferred resistance 
to more than 1000 g./ml. of the drug on a Shigella strain, 
and to only lOp-g./ml. on a strain of E. coli.
Lewis (1967) and Watson (1967) transferred R factors for 
multiple resistance, including that to streptomycin, from 
shigellae to E. coli K12. The recipient cultures showed lower 
streptomycin resistance than the donors. The differences in 
streptomycin resistance levels were, hovrever, of a much 
smaller order than those demonstrated by Watanabe and Fuka­
sawa (1960a; 1960b; 1961c; 1962). In contrast, Lewis (1967) 
and Watson (1967) demonstrated that the multiresistant R fac­
tors endowed the E. coli recipients with higher chloramphenicol 
resistance than that of the Shigella donors.
Davies et al. (1968a) found that streptomycin resistant 
strains of Sh. sonnei could be divided into those with an M.I.C. 
of 800p-g./ml. or more and those with an M.I.C. in the range of 
16-256/J-g./ml. Those strains with a high level of resistance 
to streptomycin did not transfer this resistance to K12. It 
has been suggested by Watanabe (1966a) that this high level
resistance was chromosomal. The lower level streptomycin 
resistance was usually transferable and was frequently linked 
to other transferable resistances (sulphonamide - streptomycin), 
(streptomycin - tetracycline) and (sulphonamide — streptomycin - 
tetracycline).
In an epidemiological study of bacillary dysentery in Iran 
(Badalian and Tavakoli, 1976), the range of M.I.C.s of strepto­
mycin was 15.6-1000yjLg./mk in the donor strain of Sh. sonnei, 
showing a higher value than that demonstrated in the E. coli 
progeny - 15.6-250jOg./ml. This was in accordance with the 
finding by Watanabe and Fukasawa (1960a; 1960b; 1961c; 1962).
Farrar and Edison (1971), in a study of Shigella strains 
in Atlanta, Georgia, showed the level of resistance to tetra­
cycline to fall within the range of 125 to 313jxg./ml.
Badalian and Tavakoli (1976) found a similar average resistance 
level to tetracycline of 62.5-250 jjLg./ml., in the Sh. sonnei 
strains isolated in Iran, between the years 1962 and 1974.
When this resistance was transferred to E. coli, the levels 
exhibited by the recipient were approximately equal to those 
observed in the original Sh. sonnei. This was also the case 
with a strain of Sh. sonnei, isolated from a patient in New 
York suffering from Sonne dysentery (Neu et al., 1973). The 
M.I.C. in the E. coli progeny equalled that found in the donor 
strain, i.e. 250yULg./ml. of tetracycline.
Anderson and Threlfall (1974), testing tetracycline 
M.I.C. *s in strains carrying the...T- A  system, found that the 
M.I.C. was 250 ^ JLg./ml. in the original host, Salm. typhimurium
type 29, and in type 36, and 125 ju.g./ml. in E. coli K12.
Three orders of ampicillin resistance were encountered in 
strains of Sh. sonnei tested by Scrimgeour (1966). Strains con­
sidered sensitive by the disc technique had an ampicillin M.I.C. 
of 4jULg./ml. Strains resistant by the disc technique could be 
divided into two groups, ’resistant* with an ampicillin M.I.C. 
of 128 to 256p.g./ml., and ’highly resistant* with an ampi­
cillin M.I.C. of 1024 to 2048 p-g./ml. The two groups could also 
be differentiated by the ability of the ’highly resistant* 
group to transfer their ampicillin resistance to E. coli K12. 
Although M.I.C. determinations were made on only 48 ampicillin 
resistant strains, a further 78 strains were tested for ability 
to transfer resistance. Only four ’highly resistant* strains 
were detected and it seemed clear that the vast majority of the 
407 ampicillin resistant strains of Sh. sonnei found in this 
survey possessed the low order of resistance.
M.I.C.s of ampicillin were measured by Smith et al. (1974) 
for 23 ampicillin resistant, naturally occurring strains of 
Sb. sonnei. Only one had an M.I.C. of 500 ^ g./ml.; this was 
the only strain that transferred ampicillin resistance. The 
other 22 strains had M.I.C.s ranging from 32 to 128 ^tg./ml. and 
were non-transferring.
The ampicillin and penicillin M.I.C. of strains of phage 
type la of Salm. typhimurium resistant to ampicillin, sulphona­
mide, streptomycin and tetracycline described by Anderson and 
Datta (1965), varied between 64 and 128^-g./m.l., but was the 
same for both drugs in each wild strain. K12 infected with
the R factor from one of the strains of which the M.I.C. was 
1 2 8 /mg./ml., developed an ampicillin M.I.C. of 64^Ug./ml., and 
a penicillin M.I.C. of 91/ULg./ml.; this difference was reproduc 
ible.
The ampicillin and penicillin M.I.C. of the type 29 Amp 
St Te strain of Salm. typhimurium used by Anderson (1968) was 
3000/mg./ml., and K12 infected with the ampicillin determinant 
of this strain showed the same order of ampicillin - penicillin 
resistance.
Davies et al. (1968a), examining Sh. sonnei strains iso­
lated from patients in the London area, found most strains 
resistant to sulphonamide, and this resistance was transferable 
This was again shown in a later study of strains of Sh. sonnei 
isolated in London, between 1967 and 1969 (Davies et al., 1970)
Badalian and Tavakoli (1976) found the R factors in the 
Sh. sonnei donors, conferring resistance to sulphonamide, to 
have an M.I.C. of between 750 and 2500 jULg./ml. A slightly 
reduced resistance level was seen in the E. coli progeny, i.e. 
750-1750/mg./ml.
Fleming et al. (1972) found that the M.I.C.s of trimetho 
prim and of sulphonamide of K12—lines to which the R factors 
were transferred, were over 1000 ^ ng./ral.
Neomycin resistance in Sh. sonnei was not found to be 
common during the two year period of study by Davies et al. 
(1970). However, it was a cause for concern because seven 
times as many resistant strains had been isolated during the 
two years, as were isolated in the previous five years.
Badalian and Tavakoli (1976) showed a higher level of 
neomycin resistance in Sh. sonnei (250-1100/u-g./ml. ) than in 
E. coli progeny (250-500 ^ -g./ml.).
In 1972, the Centre for Disease Control (CDC) in Atlanta, 
Georgia, USA, reported a widespread and protracted outbreak of 
typhoid fever in Mexico (Anderson and Smith, 1972). The strain 
of Salm. typhi concerned carried a transferable factor with the 
resistance pattern, chloramphenicol, streptomycin, sulphonamide 
and tetracycline. The M.I.C. of chloramphenicol for these 
Mexican strains was 150^JLg./ml.
This value fell within the range obtained for the chloram­
phenicol resistance of the Sh. sonnei and the E. coli progeny 
(125-500/mg./ml.) as shown in the study by Badalian and Tavakoli 
(1976).
8. Host Range of R Factors
The discovery in 1959 of transferable antibiotic resistance 
among the enteric bacteria, shigella and E. coli (Akiba et al., 
1960b; Watanabe, 1963a), resulted in an increased interest in 
the incidence of antibiotic resistance among these organisms 
and the possibility of the rapid—development of widespread 
antibiotic resistance among Gram negative bacteria.
Most Gram negative organisms can harbour R factors.
Harada et al. (1960) investigated the transmission of multiple 
resistance among several strains of enteric bacteria. The 
results are summarized below and demonstrate a wide range of 
hosts in the Enterobacteriaceae.
Cloaca
Klebsiella
Hafnia
ArizonaE. coli
CitrobacterShigella
Salmonella
^  direction of the positive transmission of the drug 
resistance.
Baron and Falkow (1961) reported the transfer of lactose 
utilization from Salm. typhi to Vibrio cholerae, an organism 
not even classified in the enteric group, as well as by differ 
ent DNA base ratio. It has also been possible to transfer the 
episomal factor for antibiotic resistance from Salm. typhi 
to V. cholerae (Mitsuhashi et al., 1960a).
Datta (1962) investigated an outbreak of infection in a 
London hospital in 1959 caused by Salm. typhimurium. Among 
309 cultures of Salm. typhimurium, phage-type 27, fifteen, 
isolated from eight patients, were found to be resistant to 
the three drugs, streptomycin, tetracycline and sulphonamide.
This triple resistance could be transferred by growth in mixed 
broth culture to a strain of Sh. sonnei and back again to 
sensitive cultures of Salm. typhimurium.
Kuwabara et_ al. (1963) demonstrated the transmission of 
the R factor from Shigella flexneri 2bl03R4 to newly isolated 
strains of Vibrio comma and Vibrio El Tor. Such transmission 
was not observed in old stock strains. The retransmission was 
accomplished from some strains of V. comma and V. El Tor, 
which received the R factor from shigella, to Salm. typhi T-10 
and Sh. flexneri 3aMz. Furthermore, the tertiary transmission 
from these recipients to E. coli CSH was possible.
R factors have been shown to be important mediators of 
drug resistance of Klebsiella species as well as other common 
enteric organisms (Smith and Armour, 1966; Salzman and Klemm, 
1966) and have been associated with hospital outbreaks due to 
E. coli and Serratia marcesens. Gardner and Smith (1969) 
studied a nosocomial outbreak due to a multi-drug resistant 
Klebsiella species and found that resistance R factors mediated 
drug-resistance in 90 per cent, of the isolates tested.
Farrant and Tomlinson (1966) have shown that both antir 
biotic resistance (to sulphonamide, streptomycin and tetra­
cycline) and colic.ine production could be transferred to strains 
of Sh. sonnei from strains of E. coli derived from normal faeces 
possessing these properties, and from Sh. sonnei to susceptible 
strains of E. coli.
Work on the transfer of antibiotic resistance between 
organisms of many genera within the family Enterobacteriaceae
(Datta, 1962; Watanabe-, 1963a; Anderson and Lewis, 1965a;
1965b) prompted an attempt by Davies et aJL. (1968a) to deter­
mine how much of the antibiotic resistance of Sh. sonnei 
could be transferred to a suitable recipient strain of E. coli. 
Most strains possessed transferable resistance to one or more 
of the following antibiotics: sulphonamide, low level strepto­
mycin, tetracycline and high level ampicillin.
In recent years Serratia marcescens has become established 
in certain localities as an agent of hospital infection and 
cross-infection. Medeiros and O'Brien (1969) and Schaefler 
et al. (1971) described strains of S. marcescens, isolated from 
hospital patients, which were able to transfer R factors to 
E. coli. Transfer of resistance to E. coli has also been 
reported from strains j>f S. marcescens isolated in France 
(Grimont and Dulong de Rosnay, 1972; Scavizzi, 1972).
Plasmids transferable to E. coli have been identified in 
several naturally occurring Proteus strains (Latta and Konto- 
michalou, 1966; Smith and Armour, 1966; Mitsuhashi et al.,
1967; Naide et al., 1967; Dobozy and Hammer, 1968; Odakura 
et al., 1971).
Sykes and Richmond (1970) and Fullbrook et al. (1970) 
claimed that the emergence of Pseudomonas aeruginosa resistant
to carbenicillin in a burns unit was due to transfer of an R
factor. Chitkara (1973) showed that more than half of the 
strains of Ps. aeruginosa isolated from wounds of burn patients 
were able to transfer in vitro ampicillin resistance to sensi­
tive E. coli K12.
The demonstration of transferable drug resistance among 
Gram negative organisms explains the frequent isolations of 
multiple drug resistant bacteria from burns. The presence of 
R factors in bacteria colonizing burns, especially Ps. aeruginosa, 
may be important in efforts to control sepsis in burn wounds.
Enteropathogenic strains of E. coli which had been iso­
lated in the United Kingdom during three periods between 1948 
and 1968, namely 1948 to 1951, 1957 to 1960, and 1967 to 1968, 
were tested for their susceptibility to antibiotics and their 
ability to transfer any resistance (Slocombe and Sutherland, 
1973). Between 1948 and 1951, three out of 14 sulphonamide- 
resistant strains were R-factor-mediated. Much of the anti­
biotic resistance of bacteria isolated between 1957 and 1960 
was R-factor-mediated, and transferable resistance was about 
as prevalent among E» coli isolated between 1957 and 1960 as 
among strains isolated in 1967 and 1968.
It is clear that the host range of the R factors includes 
important pathogenic bacteria for human beings and that the 
R factors have a vital relevance to the fields of clinical 
medicine and public health.
9. Distribution of R Factors
The importance of transferable drug resistance in human 
and animal medicine, and its interest to the fields of micro­
bial genetics and molecular biology, have stimulated a wide 
search for it in both pathogenic and non-pathogenic bacteria 
in many parts of the world. In addition to its abundant
demonstration in the shigellae by a number of Japanese authors, 
it has been found in the same group of organisms in Rumania 
(Shs&rman and Surdeanu, 1964; S&sArman et al., 1966), in the 
United States by Farrar and Edison (1971), in England by Lewis 
(1967), in Germany by Brandis and Morgenroth (1967) and in 
South Africa by Watson (1967).
In Europe R factors were first demonstrated in the 
salmonellae by Datta (1962) in England and by Lebek (1963a) 
in Germany. Datta (1962) found infectious streptomycin, 
tetracycline and sulphonamide resistance in 15 of 306 cultures 
of Salm. typhimurium phage-type 27, which had been isolated 
during an outbreak of gastroenteritis in a London hospital in 
1959. Lebek (1963a) found an R factor conferring resistance 
to the six drugs, streptomycin, tetracycline, chloramphenicol, 
sulphonamide, kanamycin and neomycin in a strain of Salm. 
typhimurium, isolated from a young child in Munich. E. coli 
with the same resistance pattern was found in this child's 
faeces at a time when the salmonella was still fully drug sensi 
tive. The resistance to kanamycin and neomycin was probably 
due to a single resistance determinant conferring cross­
resistance to those two drugs (Watanabe et al., 1964b). Lebek 
(1963b; 1963c) subsequently found R factors carrying various 
resistance patterns in enteric bacteria, including entero­
pathogenic types of E. coli in Germany.
Chloramphenicol resistance has been reported in individual 
strains of Salmonella typhi since 1950, but there had been no 
accounts of epidemics caused by resistant strains of the
organism until 1972, when a large outbreak occurred in Mexico. 
Anderson and Smith (1972) investigated two British patients 
who were infected in that country, and the organism isolated 
from them corresponded in all respects with the description 
of the Mexican strain of Salm. typhi; it was a degraded Vi 
strain, resistant to chloramphenicol, streptomycin, sulphona­
mide and tetracycline. It owed its resistance to an R factor 
which could be transferred to E. coli and thence to drug- 
sensitive Salm. typhi.
Watanabe et al. (1964b) reported that R factors had been 
found in strains of Shigella from Israel; perhaps a marked 
increase in the prevalence in that country of drug resistance, 
especially to neomycin in enteropathogenic E. coli isolated 
from infants (Rozansky et al., 1964) may have been due to the 
spread of R factors.
Bohus (1971) investigated a small family dysentery outbreak 
in Czechoslovakia and found that the first strains of Sh. sonnei 
isolated were sensitive to all antibiotics. However, after 10 
days, strains were isolated that were resistant to several anti­
biotics. E. coli strains isolated from the stools at the same 
time were also multiresistant and transferred this resistance.
Resistance patterns to 15 antibiotics of 172 strains of 
Sh. sonnei, isolated in Central Italy from 1948 until 1969, were 
examined by Avio et aJL. (1972). During the last three years of 
the investigation, 50 per cent, of the isolates showed resis­
tance to streptomycin, sulphonamide and chloramphenicol. More­
over, it was found that this resistance could be transmitted
in vitro to E. coli.
Dysentery is not an endemic disease in Sweden (Urban, 
1972). In most cases it is introduced by Swedish tourists re­
turning from abroad. The numbers of shigella isolations re­
ported from laboratories in Sweden are low; during the 5 years 
1966 - 1970 they were respectively 84, 72, 131, 187 and 175.
In 1970, 94 strains from 175 reported shigella cases were 
collected in Stockholm, and a systematic investigation of the 
drug resistance patterns in these strains and on the frequency 
with which this resistance was associated with R factors was 
carried out. Nearly 60 per cent, of Shigella strains tested 
in this study appeared to be resistant to one or several drugs 
investigated. 25 of 32 multiple resistant strains contained 
transferable R factors.
Smith et al. (1974) studied 24 representative clinical 
isolates of Sh. sonnei from Auckland, New Zealand, for ampi­
cillin resistance. Two types of resistance were observed; 
high level, transmissible and low level, non-transmissible.
The transmissible type of resistance was due to an R factor 
and occurred in only one of the 24 strains.
Patterns of drug resistance and incidence of R factors 
were studied in Sh. sonnei strains isolated in Iran by Badalian 
and Tavakoli (1976). 51.7 per cent, were resistant to one or
more drugs and multiple drug resistance was more common than 
single drug resistance. 85.7 per cent, of resistant strains 
of Sh. sonnei isolated on the Central Plateau and 100 per cent, 
of the strains from the Caspian littoral transferred at least
a part of their resistance pattern to sensitive E. coli K12.
10. The Rise of Drug Resistance in Great Britain.
In Great Britain transferable drug resistance was first 
detected by Datta (1962) in a strain of phage type 27 of 
Salm. typhimurium that had caused a protracted outbreak of 
hospital infection. The organism was initially completely 
drug-sensitive but it ultimately acquired transferable resis­
tance to streptomycin, sulphonamides and tetracycline. Al­
though there can be little doubt that this resistance was 
acquired from non-pathogenic enterobacteria such as E. coli 
in the intestine of patients, the origin of the R factors con­
cerned was unknown. At the time of Datta's studies there was 
no reason to suspect that there had been a large-scale trans­
mission of drug-r esistant enterobacteria from animals to man.
The R factors concerned, therefore, had probably arisen in 
patients treated with the drugs to which transferable resistance 
was found. There was no indication that such factors originated 
in the pathogens in which they were ultimately identified al­
though, the pathogens may have contributed an essential element 
in the form of a transfer factor.
A survey of the incidence of drug resistance in cultures
of Salm. typhimurium received by the Enteric Reference Laboratory 
Central Public Health Laboratory, Colindale, was started in 1963. 
The early phase of this work covered only six common phage types 
of the organism encountered in 1961 and 1962, and was carried
out in collaboration with Datta (Anderson and Datta - unpublished
observations - quoted by Anderson, 1968). Later surveys covered 
all phage types received by the Enteric Reference Laboratory 
during the successive winter periods of 1963-64 and 1964-65.
Of 1561 strains examined during the 1961-1962 survey, 
only about 3 per cent, were drug-resistant. Most of the re­
sistant strains could transfer their resistances to E. coli.
A resistance newly detected in this survey was that to ampi­
cillin, although the degree of this resistance was not high, 
the M.I.C. of the drug being about lOOjU-g./ml. (Anderson and 
Datta, 1965).
In the 1963-1964 survey all phage types of Salm. typhimurium 
were examined, and a disturbing rise in the proportion of drug- 
resistant strains was apparent. Of 750 strains, belonging to 
about 40 phage types, T 50 (21 per cent.) were drug resistant.
The commonest phage type showing resistance was 29, of which 
all strains examined could transfer their resistance. The 
resistance of other phage types was not so consistently transfer­
able.
During the winter period of 1964-65 a further increase 
occurred in the proportion of resistant strains, which reached 
61 per cent, of all Salm. typhimurium examined. The commonest 
phage type was again 29. It constituted 61 per cent, of the 
resistant strains and showed, in addition to the streptomycin- 
sulphonamide resistance, transferable resistances to tetracycline 
ampicillin, chloramphenicol, neomycin and kanamycin. Ampicillin 
resistance was much higher than that found earlier, the M.I.C. 
of the drug being about 3000 ^ JLg./ml. (Anderson and Lewis,
1965a). Neomycin and kanamycin resistances were invariably 
linked, and it was considered that they might represent differ­
ent manifestations of the same determinant. Furazolidone 
resistance was also found in most type 29 cultures, but was 
apparently not transferable.
Studies on the epidemiology of Sonne dysentery in the 
London area (Davies, 1954; Farrant and Tomlinson, 1966) indi­
cated a trend towards increased frequency of strains of 
Sh. sonnei resistant to sulphonamides and later to streptomycin 
and tetracycline. Work on the transfer of antibiotic resis­
tance between organisms of many genera within the family 
Enterobacteriaceae (Datta, 1962; Watanabe, 1963a; Anderson and 
Lewis, 1965b) prompted an attempt to determine how much of the 
antibiotic resistance of Sh. sonnei could be transferred to a 
suitable recipient strain of E. coli (Davies et al., 1968a).
It was found that most strains examined subsequent to the 
1961 season were resistant to sulphonamides. The proportion 
resistant to streptomycin was gradually increasing; the pro­
portion resistant to tetracycline varied from season to season 
although the low incidence of resistance which existed at the 
start of the study in 1957 was not observed again.
The sensitivity of the strains to other antibiotics was 
tested over various periods, with the following results. 
Ampicillin. After March 1966 all strains were examined. The 
proportion of resistant strains increased from 70 per cent, in 
the third quarter of 1966, to 95 per cent, in the third quarter 
of 1967.
Chloramphenicol. Over 2000 strains were examined regularly 
from October 1962 to November 1963. One was found to be resis­
tant.
Neomycin. The sensitivity of all strains was determined from 
October 1962. Out of a total of more than 4500, only three 
resistant strains were found.
Colistin. No resistant strains were found among those tested 
from November 1964.
During the first part of 1966, some preliminary work was 
carried out on the transferable antibiotic resistance of 
selected strains, usually those resistant to more than one 
antibiotic, with results as follows.
Sulphonamide. Most strains tested transferred this resistance 
to K12.
Streptomycin. Streptomycin resistant strains of Sh. sonnei 
could be divided into those with an M.I.C. of 800^v.g./ml. or 
more and those with an M.I.C. in the range 16-256 jx g./ml.
Those strains with a high level of resistance to streptomycin 
did not transfer this resistance to K12 but the lower level 
streptomycin resistance was usually transferable.
Tetracycline. All strains examined transferred their tetra­
cycline resistance.
Ampicillin. The only strain transferring ampicillin resistance 
had an M.I.C. of more than 1000^Lg./ml. Strains with non- 
transferable ampicillin resistance had M.I.C.s of about 128 p.g./ml.
These results were confirmed when a large number of un­
selected strains were examined between July 1966 and October 1967.
The trend towards increasing antibiotic resistance of Sh. sonnei 
in the London area described by Farrant and Tomlinson (1966) 
had continued. In the second and third quarters of 1967, 59 per 
cent, of dysentery incidents were caused by strains resistant 
to sulphonamides, streptomycin and ampicillin. Almost all the 
ampicillin resistance and 88 per cent, of the streptomycin 
resistance was non-transferable and presumably chromosomal.
It was concluded that if the strains causing future outbreaks 
of Sonne dysentery in the area were derived from strains already 
endemic, the trend towards increasing resistance would be likely 
to continue. On the other hand, resistance to tetracycline was 
not apparently increasing. All of the tetracycline resistance 
encountered was transferable and therefore represented a less 
stable genetic character than mutational resistance.
Davies et al. (1970) examined 1102 strains of Sh. sonnei 
isolated in London between 1967 and 1969. It was shown that 
70 per cent, were now resistant to three or more antibiotics. 
Neomycin resistant strains, though still uncommon, were iso­
lated more frequently than formerly.
It was evident that there had been an increase in the 
resistance to antibiotics among certain groups of infective 
enteric bacteria, including Sh. sonnei (Farrant and Tomlinson, 
1966; Davies et al., 1968a; Davies et al., 1970) and Salm. 
typhimurium (Anderson, 1968), and that many of these bacteria 
possessed transferable resistance factors. On the other hand, 
the evidence regarding other Enterobacteriaceae was much less 
clear. Although it has been established that bacteria capable
of transferring antibiotic resistance are common among the 
intestinal flora of healthy subjects (Datta, 1969; Datta cjt 
al., 1971b; Moorhouse, 1969) as well as of hospital patients 
(Datta, 1969; Kabins and Cohen, 1966; Lewis, 1968; Smith and 
Armour, 1966), little is known about the emergence of bacteria 
possessing transferable R-factors and the development of 
resistance in the United Kingdom.
Slocombe and Sutherland (1973) tested enteropathogenie 
strains of E. coli which had been isolated in the United King­
dom during three periods between 1948 and 1968 (1948 to 1951,
1957 to 1960, and 1967 to 1968) for susceptibility to ampicillin, 
streptomycin, tetracycline, chloramphenicol and sulphonamides. 
Antibiotic-resistant strains were tested for their ability to 
transfer antibiotic resistance to an antibiotic-susceptible 
strain of E. coli K12. A relatively high proportion of strains 
isolated between 1948 and 1951 were resistant to ampicillin, 
streptomycin or sulphonamides. None of these strains trans­
ferred ampicillin or streptomycin resistance, but sulphonamide 
resistance was R-factor-mediated in three out of 14 sulphona­
mide resistant strains. Resistance to tetracycline and 
chloramphenicol was rare before 1951, but had become common 
among enteropathogenie E. coli by 1957. Much of the antibiotic 
resistance of bacteria isolated between 1957 and 1960, was 
R-factor-mediated, and transferable resistance was about as 
prevalent among E. coli isolated between 1957 and 1960 as 
among strains isolated in 1967 and 1968. Nevertheless, there 
was no appreciable increase in the overall incidence of anti-
biotic resistance among these enteropathogenie strains of 
E. coli between 1957 and 1968, although transferable anti­
biotic resistance was common during this period.
Gillespie et al. (1971) conducted a 12 year survey on 
antibiotic resistance of coliform bacilli isolated from urinary 
tract infections acquired by women outside hospital. During 
the survey there was surprisingly little change in drug sensi­
tivity. The proportion of sulphonamide-resistant strains 
remained below 20 per cent, and was little more than the level 
to which ampicillin-resistance had risen by 1970. Resistance 
to nitrofurantoin and nalidixic acid remained very low, perhaps 
because these drugs were not often used in treatment. No strains 
were found to be resistant to trimethoprim.
Resistance patterns of the predominant coliform strains 
in healthy adults faeces resembled those of the urinary strains, 
but considerably more people excreted small numbers of resistant 
strains (Brumfitt et al., 1971). Some of these strains would 
be likely to proliferate during antibiotic treatment, resulting 
in a higher incidence of drug resistance in recurrent urinary 
infections.
The proportion of drug resistance that was transmissible 
was similar in the urinary and the faecal strains, (Brumfitt 
et al., 1971). Of 56 resistant urinary strains tested, 35 
(62 per cent.) were shown to transfer some or all of their 
resistance, compared with 24 (60 per cent.) of 40 faecal strains.
Shaw et cil. (1973) studied antibiotic-resistance patterns 
°£ E. coli isolated from urinary tract infections contracted
outside hospital in 1962-63 and 1968-69. There was a slight 
but statistically significant increase in resistance over 
this period. The resistances were, in most instances, transfer­
able.
11. The Characterization of Plasmids in the Enterobacteriaceae
with particular reference to Shigella sonnei
Plasmids in the Enterobacteriaceae mediate the transfer of 
a variety of genetic determinants including those for drug 
resistance, haemolysin and enterotoxin synthesis, colicino- 
geny, heavy metal tolerance, resistance to ultra-violet 
irradiation, carbohydrate fermentation, H2S synthesis and other 
metabolic characters. The drug resistances transferred in­
cludes those to ampicillin, carbenicillin, cephalosporins, 
chloramphenicol, neomycin-kanamycin, streptomycin, sulphona­
mides, tetracyclines, gentamicin and trimethoprim.
Transfer systems have been characterized and classified 
by various methods in different laboratories. However, standard 
methods of plasmid characterization are needed to compare 
transfer systems from different sources. Such comparisons may 
ultimately furnish information about phylogenetic relationships 
and origins of the plasmids concerned, and about their host 
bacteria.
In the Enteric Reference Laboratory many transfer systems 
occurring in Enterobacteriaceae from both human and animal 
sources have been studied (Anderson and Threlfall, 1974). For 
discussion in this section the follo\*ing properties will be 
included:-
11.1. The presence and identity of colicinogeny.
11.2. The range of resistances in the wild host strain.
11.3. The transfer and transfer kinetics of the plasmid (s).
11.4. The degrees of drug resistance conferred by the R factor.
11.5. Determination of compatibility groups.
as these are the properties most relevant to the experimental 
work of the thesis.
11.1. The presence and identity of colicinogeny
In 1958, Abbott and Shannon investigated the susceptibility 
of Sh. sonnei to colicines produced by strains of E. coli; 
the variation in sensitivity to the active coli strains of 
Sonne cultures which were epidemiologically related led these 
authors to conclude that *it was unlikely, therefore, that the 
sensitivity patterns of Sonne strains to colicines could be used 
as a basis for a typing method*. Conversely, they noted that 
epidemiologically significant types could be established if 
colicine production by the Sonne strains was used as a marker; 
thus colicine types of Sh. sonnei were identified by the patterns 
of inhibition produced on selected indicator or passive strains 
of other shigellae.
Subsequently, Abbott and Graham (1961) detailed the type 
incidence of 1247 strains of Sh. sonnei in England (mostly from 
Manchester) and extended the number of recognizable types from 
7 to 15; Barrot* and Ellis (1962) recorded the type incidence 
of 896 strains in the Bradford area and added further evidence 
of the reliability of colicine typing as an epidemiological 
marker.
Modifications of the original technique were described 
by Gillies (1964) and further evidence was offered on the value 
of colicine typing as an epidemiological tool; a hitherto 
unrecognized type (type 14) of Sh. sonnei was described and 
evidence was given of its distinctive character. A further 
publication of Gillies and Brown (1966) furnished evidence 
of the existence of another new colicine type (type 15) of 
Sh. sonnei, which was first recognized in Edinburgh in 1965.
Anderson and Threlfall (1974) detected colicinogeny by 
the agar-overlay method of Fredericq (1948), using K12 as the 
indicator strain. Colicines were identified on the basis of 
the immunity of standard colicinogenic cultures to the lethal 
effects of their respective colicines, and of the resistance of 
known mutants of K12 to the action of specific colicines 
(Fredericq, 1948).
11.2. The range of resistances in the wild host strain.
The difficulties of testing in vitro the activity of the 
sulphonamides against Gram negative organisms from the intestinal 
tract are well known. MacLeod (1940), recognizing the presence 
of sulphonamide inhibitors in commercially available peptones 
and in animal tissues, described a synthetic medium which he 
used for such tests. Kohn and Harris (1941) used a synthetic 
fluid medium to test the sulphonamide sensitivity of strains 
of E. coli*
The size of the inoculum is also important. Heavy inocula 
may give false results by producing sulphonamide-inhibitory
substances, and many of the methods described for sensitivity 
tests require a small inoculum made by diluting appropriately 
a fluid culture.
Although no difficulty had been experienced in determining 
the sensitivity of individual strains by inoculating small 
numbers of viable organisms on to nutrient agar plates con­
taining 5 per cent, lysed blood and various concentrations of 
sulphonamide (Harper and Cawston, 1945) this method was too 
laborious for routine use. It was considered desirable to 
develop a simple technique which could be used to test the 
sensitivity of large numbers of strains of e.g. Sh. sonnei, 
isolated in the routine examination of faeces.
Davies (1954) described a simple method for testing the
sensitivity of Sh. sonnei to sulphonamides. The strains, 6
or 8 on each plate, were inoculated as a single radial streak 
from the periphery to the centre of a plate of synthetic medium. 
A 12mm. disc of blotting paper containing 6 fJLg. of Sulpha- 
thiazole was placed in the centre of the plate and, after 
incubation, the zone of inhibition of growth was noted.
Davies et al. (1968a) determined antibiotic sensitivities
by the disc technique, using Oxoid discs (sulphonamide 300fxg., 
streptomycin 25 (xg* , tetracycline 50 p.g., ampicillin 25 p-g. , 
neomycin 30 fjig., colistin 200 ^ Lg.) or discs prepared in the 
laboratory (chloramphenicol 30 jjLg. ). Tests for sulphonamide 
sensitivity were carried out on lysed blood agar plates; 
antibiotic sensitivities were determined on nutrient agar 
plates. The inoculum for both was a loopful of a 4 hour peptone
water culture, spread over the entire plate.
Later, Davies et al. (1968b) used plates of media con­
taining suitable concentrations of antibiotics for the inocu­
lation of overnight broth cultures, the plates being incubated 
overnight at 35°C. The concentrations of antibiotics were 
chosen after a number of strains, whose M.I.C.s had previously 
been determined, had been inoculated onto plates containing 
various concentrations of antibiotics. It was possible to 
select, for each antibiotic, a concentration at which all 
strains previously classified as ’sensitive* would be com­
pletely inhibited but on which all ‘resistant* strains would 
grot*. The concentrations used were - iSulphathiazole 10yU-g./ml.
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Streptomycin sulphate 10 ^ *.g./ml. , Torreffityei-n hydrochloride 
5^mg./ml., and ampicillin 5^*-g./ml. An additional plate con­
taining 500p.g./ml. of ampicillin was used to distinguish the 
highly resistant strains.
The medium used for these tests was described by Davies 
(1954) except that it contained 0.14 per cent, basic fuchsin.
- This dye was added merely to distinguish the plates from the 
minimal agar containing antibiotics used for transfer experi­
ments and referred to in Sectional 1.3. . This medium was used 
for three reasons:-
(a) It gave clear-cut results in sulphonamide sensitivity 
tests even with a relatively large inoculum.
(b) It permitted the recognition of strains of Sh. sonnei 
exacting for amino acids as these did not grow on the 
control plate containing no antibiotics. These strains
were infrequent but when they occurred this character was 
a useful epidemiological 'label*. The sensitivity of such 
strains was determined by the disc method.
(c) It did not support the growth of E. coli K12 (this being 
the recipient strain used in the transfer experiments - 
see Section 11.3.) which was exacting for methionine.
It was possible therefore to determine the antibiotic 
sensitivity of Sh. sonnei strains from mixed broths although 
in practice a set of broths containing the Sh. sonnei strains 
alone was used for this purpose.
The test for high level resistance to streptomycin was 
performed on nutrient agar containing 800 p.g„/ml. of strepto­
mycin sulphate.
A bacteriophage typing machine (Lidwell pattern) was 
adapted with a special head carrying 12 stainless steel 1/16" 
rods set at 3/4” centres (Davies et al., 1968b). The rods 
were arranged in four rows (2-4-4-2) so that they could be used 
to inoculate a 3^ ** Petri dish. Nutrient broth was dispensed in 
round-bottomed 3 x -J” agglutination tubes set in racks at the 
same centres and arrangement as the rods. A lid was fitted 
over each set of twelve broths.
The rods were sterilized by immersion in boiling water and 
were first used to mark nutrient agar templates. Strains of 
Sh. sonnei to be tested were then inoculated over the marks on 
the templates and incubated for 4 hours. Growth was then trans­
ferred from the templates to the broths using the rods. The 
broths were incubated overnight at 35°C. Plates of media con-
taining suitable concentrations of antibiotics were inocu­
lated from the overnight broth cultures using the rods. All 
plates were then incubated overnight at 35°C., and the results 
read as growth or no growth on the appropriate medium.
Anderson and Threlfall (1974) routinely tested for resis­
tance to ampicillin, chloramphenicol, gentamicin, neomycin- 
kanamycin, streptomycin and tetracyclines by a diffusion method 
on nutrient agar plates, using stripgs of blotting paper (Ford's 
428 Mill.) 80.0mm. x 7mm. impregnated with the respective drugs 
and freeze dried. These strips were prepared in the Enteric 
Reference Laboratory. The cultures were striked at right 
angles to the antibiotics strips, and control sensitive and 
resistance cultures were included in each test. This method not 
only detected resistance, but enabled its magnitude to be 
roughly compared with that of other cultures on the same plate.
11.3. The transfer and transfer kinetics of the plasmid(s).
The Anderson and Lewis's (1965a; 1965b) technique of plas­
mid transfer from one organism to another has been used by many 
workers in the field, with many modifications.
The original technique involved using liquid medium (Difco 
broth) containing 20g. of Bacto dehydrated nutrient broth 
(Difco) and 8.5g. of N a C l / L ., for the growth of cultures and 
mating mixtures. Solid medium for the routine growth of cul­
tures contained 13g. of New Zealand powered agar per litre of 
Difco broth. 'Bacto' MacConkey agar (Difco) was used through­
out to differentiate between Salm. typhimurium and E. coli IC12
in making mixtures.
When the donor strain was Salm. typhimurium, it was
eliminated from the mating mixture with phage 01 (Felix and
Callow, 1943; Anderson and Lewis, 1965a; 1965b), and this phage
was used for -the same purpose in interrupted mating experiments.
When the donor was K12, it was eliminated with colicine E2
(Anderson and Lewis, 1965a; 1965b) which reduced K12 to about 
—5 —610 to 10“ of its original count. For this elimination of 
donor cells, 0.3ml. of phage 01 (titre 10" particles/ml.) or 
of colicine E2 (titre 1:32), as required, was spread on the 
MacConkey plates before they were streaked with the mating mix­
tures.
With the exception of interrupted mating experiments, 
crosses were carried out by mixing donor and recipient cultures 
grown for 6-8 hours at 37°C with agitation, incubating overnight, 
and streaking decimal dilutions of the mixture on MacConkey 
medium containing the respective antibacterial drugs (penicillin 
40 or 50^lg./ml., streptomycin 40 |ULg./ml. and tetracycline 
20^jLg./ml.) on the following day.
Davies e^ t al. (1968a), using a modification of the Anderson 
and Lewis (1965a; 1965b) technique, carried out transfer experi­
ments by growing the strain of Sh. sonnei in broth with E. coli 
K12 met“F“. This mixture was usually incubated overnight but 
sometimes, to separate progeny of different resistance patterns, 
shorter incubation periods were used. The E. coli recipient 
was separated from the Sh. sonnei donor by plating the mixed 
culture on medium (minimal agar) which, while supporting the
growth of K12, was nutritionally deficient for Sh. sonnei. 
Instead of dextrose and nicotinic acid, lactose and dL 
methionine were incorporated in the medium. It was found that 
at the appropriate concentration of antibiotic (gulphathiazole
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5|xg./ml., Streptomycin sulphate 10^jLg./ml., T-errafliyei-n hydro­
chloride 10jULg./ml. and ampicillin 25yug./ml.) growth would 
occur on the minimal medium only if antibiotic resistance had 
been transferred to K12.
In another publication, Davies et al. (1968b) used the 
multiple inoculator to transfer the inoculum from sets of 
broths containing a mixed growth of Sh. sonnei and K12 to 
plates of minimal agar containing antibiotics, instead of the 
plating technique.
Quantitative estimations of resistance transfer were per­
formed by making serial dilutions of an overnight mixed cul­
ture. A loopful of each dilution was spread over an area of a 
plate of minimal agar with or without appropriate antibiotics 
(Anderson and Lewis, 1965a; 1965b). Individual colonies were 
picked from the minimal agar, purified and tested for anti­
biotic resistance. When the colony counts on plates containing 
two different antibiotics were similar and all the progeny 
picked from each medium were resistant to both antibiotics, it 
was assumed that the resistance determinants were linked. If 
the counts on the two media were different and progeny resis­
tant only to one antibiotic were isolated from the appropriate 
medium, it was assumed that the resistances travelled independ­
ently.
Transfer frequencies were estimated as a fraction of the 
total recipient population resistant at the termination of the 
cross.
11*4* The degrees of drug resistance conferred by the R factors.
Davies et al• (1968a) determined minimal inhibitory con­
centrations (M.I.C.) of Sh. sonnei by incorporating serial 
dilutions of the antibiotic in nutrient agar over the range 
2-2000 fJ^g./ml. and inoculating segments of a plate with a 
loopful of an overnight broth culture. After overnight incu­
bation, the first concentration of antibiotic which substan­
tially inhibited the growth was taken as the M.I.C. of that 
organism to the particular antibiotic.
Anderson and Threlfall (1974) estimated the M.I.C.s of 
strains carrying the ampicillin, chloramphenicol, streptomycin 
and tetracycline resistant determinants with doubling dilutions 
of the respective antibiotics in nutrient broth. A standard 
inoculum of approximately 10 bacterial cells/ml. was used.
The M.I.C. was the lo\*est concentration of antibiotic that 
inhibited visible growth of the test strain in nutrient broth. 
Kanamycin M.I.C.s were similarly determined in Mueller-Hinton 
broth. Attempts were made to measure resistance to sulphonamides 
($ulphathiazole) on nutrient agar containing concentrations of 
the drug up to its limits of solubility (2000 jjLg./ml.). The 
resistance always exceeded this concentration.
11*5. Determination of compatibility groups.
It was observed by Watanabe et al. (1964a) that related 
plasmids could not coexist stably in the same strain, that is, 
they were incompatible with each other. This is called super­
infection immunity and is a phenomenon of genetic replication, 
where either the resident or the superinfecting plasmid is 
reproduced, but not both. This phenomenon may be liken to 
the immunity shown by a lysogenic strain to infection by phages 
related to its prophage. With phage X or P2, the super- 
infecting phage enters the immune cell but, being unable to 
replicate, is diluted out during bacterial multiplication 
(Bertani, 1954; Jocab, 1954).
The ability of a plasmid to enter a strain carrying another 
plasmid, with which it is compatible, is often reduced (Watanabe 
et al., 1964a). This is known as surface exclusion or entry 
exclusion. Here, it is the resident plasmid which prevents 
its host accepting the same plasmid by conjugation, a differ­
ent phenomenon to that of superinfection immunity.
The method of Coetzee et al. (1972) for determining the 
compatibility of R factors has been widely used and will thus 
be described. Relative frequencies of R transfer by conju­
gation (in mixtures incubated for 1 hour) into a strain of K12 
with and without a second plasmid under test were determined. 
This gave a measure of exclusion (Meynell et al., 1968). 
Recipient colonies were purified by restreaking on MacConkey 
agar containing the appropriate drug (+5 per cent, lysed 
horse blood, where the drug was sulphonamide or trimethoprim)
and tested for resistance markers of each R factor, resident 
and newly acquired. Where both factors were present, a clone 
was grown overnight in drug-free broth, plated on non-selective 
medium and 20 colonies tested for the continued carriage of 
both factors. R factors transferred from Proteus rettgeri to 
E. coli K12 were tested in this way against appropriate 'stan­
dard' R factors, and against one another. The list of standard 
R factors is increasing all the time as new compatibility 
groups are discovered. A recent list of the available compati­
bility groups is given by Novick et al. (1976).
Bacterial transmissible R factors have a wide host range 
and demonstrate different incompatibility reactions. R factors 
from wild strains of Proteus rettgeri were shown to belong to 
three compatibility groups, namely N, W and T (Coetzee et al., 
1972). Proteus morganii strains, however, demonstrated a 
wider range of types; groups N, FII, FI, X, P and M (Hedges 
et al., 1973).
Compatibility class P were found among the R factors of 
Rhizobium leguminosarum (Beringer, 1974) and Bordetella 
bronchiseptica (Hedges et al., 1974). The forerunner to this 
compatibility group was an R factor found in Pseudomanas 
aeruginosa (Datta et al., 1971a).
Incompatibility reactions were looked at in R factors iso­
lated from the faecal E. coli of calves, pigs and chickens 
(Grant and Pittard, 1974). Four different compatibility 
classes were found, FII, I, N and P.
R factors transmissible to E. coli from naturally occurring
strains of Serratia marcescens belonged either to compatibility 
groups S and L, not represented amongst plasmids reported in 
other genera, or to groups C, FII, P and M, notable for their 
wide host range (Hedges et al., 1975).
The strain of Shigella dysenteriae 1, which caused the 
huge dysentery outbreak in Central America from 1968 onwards, 
possessed an R factor coding for resistance to chloramphenicol, 
streptomycin, sulphonamides and tetracyclines and belonged to 
compatibility group B (Anderson and Threlfall, 1974).
None of the reviewed literature has shown any work into 
the compatibility groups of the dysentery bacillus, Sh. sonnei. 
It was thus the aim of this research to develop a technique, 
using the surface exclusion phenomenon, to look for different 
compatibility groups among the Sh. sonnei plasmids. It was 
hoped that using this method to further subdivide the plasmids, 
additional information as to the origin of this organism within 
a community might be obtained.
12. Aims and General Plan of the Present Study
An outbreak of Sh. sonnei in London in 1972 provided the 
necessary strains for an investigation into colicine production, 
sensitivity to antibiotics and the ability to transfer any 
resistance to E. coli K12.
Any strain(s) predominating within the London outbreak and 
showing transferable resistance(s) was further investigated, 
using the following techniques:-
(a) Investigation into the way in which the resistance deter­
minants (if more than one present) were transferred, i.e. 
on one plasmid or on different plasmids.
(b) The rate of transfer of the plasmid(s).
(c) M.I.C. determination of the resistance(s) involved.
(d) Superinfection experiment using a set of standard strains 
to determine the presence of different compatibility 
groups.
These investigations were to see whether strains of the 
1
same colicine, seiftivity and transfer patterns could be sub­
divided into further classification groups.
Two additional outbreaks of Sh. sonnei strains, occurring 
in Luton and Aberdeen, were investigated in the same way.
M A T E R I A L S A N D  M E T H O D S
MATERIALS AND METHODS
1. Abbreviations used
Su -sulphonamide, St - streptomycin, Te - tetracycline,
Amp - ampicillin, Ne - neomycin, Chi - chloramphenicol.
S - sensitive, R - resistant, R+ - high level resistance,
(R), (R+) - transferable resistance.
M.I.C. - minimum inhibitory concentration.
C.T. - colicine type.
K12 - Escherichia coli K12 F-met •
Degrees of growth - (a) when the control shows +++ growth,
degrees of growth compared with the 
control are: +++, ++, +, i, cols.
(no. of colonies, 1-10) and 
- (no growth).
(b) when the control shows + growth,
degrees of growth compared with the
\ y
control are: +, cols. (no. of
colonies, 1-10) and - (no growth)•
2. Strains
2.1. Wild strains used
The bacteria studied in this research were obtained from 
specimens of human faeces and submitted to the Reference 
Laboratory for Shigella sonnei typing, Public Health Laboratory, 
St. Lukes Hospital, Guildford. On arrival at the laboratory,
the purity of each was checked and a confirmation of the species
was done by means of a slide agglutination test, using
Sh. sonnei Phase I antiserum (smooth) and Phase II antiserum
(rough).
2.1.1. London isolates
Three hundred and eight strains of Sh. sonnei, isolated 
in different areas of London and the surrounding districts in 
1972, were examined (Table 1M).
2.1.2. Selection of C.T.3A strains
A selection of C.T. 3A strains with the following sensi­
tivity and transfer pattern: sensitive to sulphonamide, S;
transferable resistance to streptomycin, (R), tetracycline, (R) 
and neomycin, (R): and non-transferable resistance to ampi­
cillin, R; i.e. S (R) (R) R (R) : were included in
Su St Te Amp Ne
the investigation of the 1972 London isolates. These strains 
had been sent to the Guildford Laboratory from London and 
different parts of England and Wales in 1972, 1973 and 1974 
(Table 2M).
2.1.5. Luton outbreak
An outbreak of dysentery due to Sh. sonnei occurred in
and around Luton in 1974 and 1975, and was caused by a strain
of C.T. 0 and sensitivity and transfer pattern,
(R) (R) S (R+) (R). Strains with the same characteristics
Su St Te Amp Ne
were also isolated from other areas in England and Wales and
were included in this investigation (Table 3M).
SH. SONNEI STRAINS ISOLATED IN LONDON IN 1972
Strain
No.
Area StrainNo.
Area
4 Wandsworth 1003 Tooting
5 Tooting 1052 Hammersmith
6 Lambeth 1064 Lambeth
86 Hammersmith 1092 Hammersmith
132 Bexley 1107 Hackney
141 Maidstone 1166 Maidstone
180 Hackney 1170 )
) Hammersmith
188 Tooting 1172 )
228 Lambeth 1300 Tooting
261 Hammersmith 1309 Bexley
286 Westminster 1311 Hammersmith
332 Hammersmith 1320 Tower Hamlets
388
) Hackney
1393 Tooting
393 ) 1395 Lambeth
398
) Lambeth
1464 St. Stephens
470 ) 1501 )\
551 Hackney 1553 ) Tower Hamlets \
591 Tooting 1557 )
597 Lambeth '
.
1579 • Hammersmith
694
.
Bexley 1600 Maidstone
717 Lambeth 1623 Tower Hamlets
736 Tower Hamlets 1684 Maidstone
832 )
) Maidstone
1743 SWK
833 ) 1972 Maidstone
871 )
) Elstree
2006 Lambeth
877 ) 2052 Tooting
935 Maidstone 2062 Tower Hamlets
936 Tooting 2123 Tooting
948 Hammersmith 2132 )
974 Lambeth
_ . .. .... ' '
2134 ) Lambeth 
)2140
TABLE 1M
Strain
No.
Area StrainNo.
Area
2288 Islington
2384 Hammersmith
2414 Tooting
2448 Lambeth
2457
2458
)
j Maidstone
2444 Lambeth
2494 St.Mary Abbott 
Hospital
2572 Hammersmith
2743 SWK
2826 Hammersmith
2887
2890
)
J SWK
2901 Tooting
2947
2954
| Lambeth
3012 Tooting
3013 Tooting
3273 SWK
3343 Hackney
3350 Islington
3377 SWK
3499 St. Stephens
3465 Springdale I/N
3559 Tooting
3560 Tooting
3561 Tooting
3562
3648
| Lambeth
3691 Camden
3789 SWK
4040 Westminster
4089 Islington
4741 Westminster
4771 Islington
4860 Ex Pakistan
4878 Lambeth
4913 )\
4914 ) Tooting \
4915 1
4928 Hackney
5078 Islington
5272
5273
j Tooting
5290 Hackney
5302 Hammersmith
5420
5506
)
Springdale 
) D/N
5517 Tooting
5553 Islington
5582 Springdale D/ft
5602 Lambeth
5675
5678
)
J Camden
5681
5682
| Tooting
5713 Camden
5730 Islington
5744 St.Johns D/N
5795
5855
| Islington
5876
5880
| Hackney
TABLE 1M (contd)
Strain
No.
Area
Strain
No. Area
5883 SWK 6767
i
Maidstone j
5898 Hammersmith 6797 Tower Hamlets |
5917 St.Johns D/N 6841 Hammersmith
5949
5973
Camden 
l Hammersmith
6885
6894
Westminster 
j Tooting
5982 \ 6895
6024 ) 6931 Camden
6040 Islington 7047 Hackney D/N
6146 )
\
7053 Tower Hamlets
6153 )
) Islington
7096 Islington
6154 1 D/N 7119 Westminster
6156 ) 7145 Tooting
6187 Hackney 7178 Islington
6200 Tower Hamlets 7210 Islington D/N
6383 ) 7354 Hackney j
6384 ) Tooting 7753 Islington
6386 i
Islington D/N
7809 )
j Maidstone
6419 7810
6444 Maidstone 7901 SWK D/N
6445 ) 7914 ?
6446 ) Tooting 7932 SWK D/N
6447 ) 7938 SWK D/N
6467 Tower Hamlets 8065 Tooting
6488 Lambeth 8066 Tooting
6546 Hammersmith 8148 Hammersmith
6558 Tower Hamlets 8241 Maidstone
6583 Islington 8356 SWK
6593
■
Maidstone
'
8366 Islington
6672
) Maidstone
8378 )
) SWK
6673 ) 8537 )
6745 Hackney 8548 Hackney
6746
) Hackney 
) D/N
8570 Maidstone
j 6747 8579 Hammersmith
TABLE 1M (contd)
Strain
No.
Area
Strain
No.
Area
8597
8636
8652
8739
8959
9026
9040
9044
9077
9135
9146
9181
9189
9203
9204 
9249 
9386 
9395 
9440
9448
9449
9450 
9530 
9532 
9587 
9660
9665
9666
9667
9668
9669
9670
Tower Hamlets
Tooting
Hammersmith
Maidstone
Hammersmith
SWK D/N
Lambeth
Tooting
Lambeth
Hammersmith
Lambeth
Hammersmith
Lambeth
St. Georges
Hospital
Tooting
Tower Hamlets
Hammersmith
SWK
Camden
Tooting
SWK 
Camden 
Hammersmith 
Tower Hamlets
Tooting
9695
9755
9810
9811 
9831 
9875 
9893 
9901 
9966 
9972 
9979 
9981 
9996
10016
10017
10018
10019
10020 
10021 
10022 
10023 
10029 
10129 
10209 
10236 
10308 
10314 
10323 
10431 
10456 
10477 
10568
Islington
Hammersmith
GLC
Tower Hamlets
Hammersmith
SWK
Tower Hamlets
Hammersmith
Lambeth
) St. Georges 
Hospital 
Tooting
Tower Hamlets
Hammersmith
Lambeth
Hammersmith
Tower Hamlets 
Hammersmith 
Tower Hamlets
TABLE 1M (contd)
Strain
No.
Area StrainNo. Area
10628 Islington 12099 Hammersmith
10646 Maidstone 12141 Islington
10647 ) 12165 Hammersmith
10648 ) Tooting 12302 Camden
10649 ) 12494 Islington
10691 Hammersmith 12509 Hammersmith
10883 Hackney 12535 Islington
10946
10949
10951
| SWK D/N
12553
12554
12555
i St. Georges 
) Hospital 
J Tooting
11054 Hackney 12561
11088 Westminster 12564
11097 Islington D/N 12642 ) Hammersmith
11100
11101
)
j Islington
12699
12787 j
11104 SWK 12840 NW3
11172 Hackney 12977 SWK
11200 Westminster 12986 Hammersmith
11233
11235
11383
) Islington 
) D/N
SWK
13043
13101
13171
Islington 
j Hammersmith
11446 Islington D/I
11443 Islington ' '. '•
11623 Camden
11679 Hammersmith
11726 Islington
11860
11861
11862
)
j St. Georges 
) Hospital 
| Tooting
SWK - S 
D/N = D
outhtfark 
ay Nursery
11863 )
11966 Tower Hamlets
12005
12069
)
| Islington
TABLE 1M (contd)
SELECTED STRAINS OF SH. SONNEI C.T. 3A S (R) (R) R (R) 
ISOLATED FROM DIFFERENT PARTS OF GREAT BRITAIN
Strain
No.
Area Strain
No.
Area
C72/18
C72/19
C72/20
C72/21
C72/22
C72/24
C72/25
C72/26
C72/28
C72/30
C72/31
C72/32
C72/33
C72/34
C72/35
C72/36
C72/37
C72/38
C72/112
C72/113
C72/114
C72/115
C72/I16
C72/117
C72/118
C72/1I9
C72/121
C72/124
C72/125
C72/128
C72/129
C72/130
C72/131
C72/132
C72/133
C72/134
C72/136
C72/137
C72/I39
C72/140
C72/I4I
C72/I42
C72/143
C72/144
C72/150
C72/151
C72/171
C72/172
C72/173
C72/I74
Whipps
Cross
) Hammersmith 
) Hospital 
)
Guildford
S t. B a r t h o 1 ome ws 
Hospital
Willesden
General
Hospital
j C72/226 St • Bartholomews
Hospital
C72/229 Dulwich
Hospital
C72/261 Aberdeen:
C72/267
!
Royal Northern
Hospital
C73/233 St. Bartholomews
Hospital
C74/245 Llandough
Hospital
C74/271 St.Davids
Hospital
—  ■ ...
Cardiff
■
.
-
■
■
TABLE 2M
SH. SONNEI STRAINS (C.T. 0, (R) (R) S (R+) (R)) ISOLATED IN
ENGLAND AND WALES in 1975, 1974 and 1975
Strain
No. Area
Strain
No. Area
C73/149
C73/150
| Cardiff
C74/383
C74/384 {
C73/173 Stafford C74/385 1
C73/241
C73/242
)
| Cardiff
C74/386
C74/387
C73/249 Royal Free 
Hospital
C74/388
C74/389
C74/63 Wigan C74/390
C74/320
C74/321
)
| Otley C74/391
C74/392
C74/354
j C74/393 ) LutonC74/355
) C74/394
C74/356 v Hemel C74/397
C74/357
C74/359
C74/360
C74/364
) Hempstead 
!
■
C74/399
C74/400
C74/402
C74/403
C74/367 )
C74/404
C74/368
C74/369
C74/405
C74/406
C74/372
C74/373
C74/374
C74/375
C74/376
C74/377
C74/378
C74/379
C74/380
C74/381
C74/382
) Luton
C74/407
C74/408
C74/412
C74/413
C74/414
C74/415
C74/417
C74/418
C74/419
C74/420
)
< Hemel 
J Hempstead
TARLE 3M
Strain
No. Area
Strain
No. Area*
C74/426 ) C75/48
C74/427
C74/428
) Hemel 
j Hempstead C75/53
C75/54
? Hemel 
j Hempstead
C74/429 St. Albans C75/56
C74/435 C75/57 )
C74/436
j
C75/62 )
C74/437 ) Hemel C75/63 | Sunderland
C74/438
| Hempstead 
\ C75/64 )
C74/439 ]\
C75/7 )'
C75/9 )
C75/11 |
C75/12
C75/13 )
C75/14 )
C75/15 )
C75/16
I
C75/18 |
C75/19
C75/20
; Luton
C75/21 j
C75/22 |
C75/23
C75/24 )
C75/25 ]
C75/35 ]
C75/36
/
lC75/37
C75/43 )
C75/45 ) Hemel
C75/46 } Hempstead
C75/47 )
TABLE 3M (contd)
2*1.4. Aberdeen outbreak
There was an outbreak of dysentery due to Sh. sonnei 
in Aberdeen and the surrounding areas in 1973 and 1974. The
strain responsible for this was a C.T. 4 of the following
... .. . (R) (R+) R (R) R.sensitivity and transfer pattern:- _
. 1 Su St Te Amp Ne
Table 4M shows these Aberdeen strains and the areas from which 
they were isolated.
2.2. Laboratory strains used.
2.2.1. For media testing.
Two sets of control stains, one of Sh. sonnei and the 
other E. coli K12, were used for the batch testing of media. 
These strains carried a set of resistance determinants showing 
resistance to a variety of antibiotics (Table 5M).
2.2.2. For colicine typing.
The following organisms were used as indicator strains
to detect colicine production in the Sh. sonnei strains:-
Eight resistant variants of Sh. sonnei - Lab.Nos. 56/56, 56/98
R6, 2/15, Rl, 2/7, 
2/64, R5.
One culture of E. coli ~ Lab. No. Row.
Four *wild' strains - Lab. Nos. 17, 56, 2,
38.
One culture of Shigella schmitzi - Lab. No. M19 (N.C.T.C
No. 8218).
2.2.3. For experiments of transfer of resistance
The organism used as the recipient strain in the mating 
experiments was Escherichia coli K12 F-met"". This strain,
SH* SONNEI STRAINS (C.T. 4, (R) (R+) R (R) R) ISOLATED
IN ABERDEEN IN 1973 and 1974
Strain
No.
1
Area
Strain
No.
---- ----- — ----- 1 ■ - —
Area
C73/81
C73/106
C73/107
C73/108
C73/109
C73/110
C73/111
C73/112
C73/113
C73/I14
C73/115
€73/116
C73/117
C73/118
C73/I19
C73/120
C73/121
C73/122
C73/123
C73/124
C73/I25
C73/I26
C73/127
C73/128
C73/129
C73/130
C73/131
€73/132
C73/133
C73/134
C73/135
C73/136
C73/137
C73/138
C73/139
C73/152
C73/153
C73/154
C73/I55
C73/156
C73/157
C73/158
C73/159
C73/160
) Aberdeen
C73/161
C73/162
C73/163
C73/164
C73/165
C73/166
C73/167
C73/168
C73/I69
C73/I82
C73/183
C73/184
C73/185
C73/186
C73/188
C73/189
C73/190
C73/191
C73/192
C73/193
C73/199
C73/200
C73/201
C73/202
C73/203
C73/205
C73/208
C73/209
C73/217
C73/267
C73/269
C73/270
C73/271
C73/272
C73/273
C73/274
C73/275
C73/276
C73/277
C73/278
C73/279
C73/280
) Aberdeen
Kincardineshire 
. % Aberdeen 
—Aberdeenshire
) Aberdeen
TABLE 4M
Strain
No.
Area Strain
No. Area
C73/281
C73/282
C73/283
C73/287
C73/288
C73/289
C73/290
C73/291
C73/292
C73/293
C73/294
C73/295
C73/296
C73/297
x Aberdeen
C74/37
C74/38
C74/40
C74/4X
C74/43
C74/X69
C74/170
C74/171
C74/X74
C74/X75
C74/X76
C74/X77
)
) Aberdeen 
)
j UDNY
) Aberdeenshire 
I UDNY
C73/298
C73/299 x Aberdeenshire
C73/300
C73/301
C73/302
C73/341
C73/343
C73/350
C73/375
C73/376
C73/380
) Aberdeen ■
•
'•
.
C73/381 Aberdeenshire
C73/382
C73/383
v Aberdeen ' ' '
.• ’ - -
C73/384 Aberdeenshire
C73/385
C74/1
C74/2
C74/3
C74/4
C74/6
C74/7
C74/8
C74/9
C74/X0
C74/11
) Aberdeen 
)
C74/32 HuntXy
C74/33
C74/35
C74/36
) Aberdeen
TABLE 4M (contd)
SH. SONNEI AND E. COLI USED AS CONTROL STRAINS FOR THE 
BATCH TESTING OF MEDIA
Sh.sonnei K12 Su St Te Amp Ne
8080/71 K12/8080/71 (R) (R) S S S
7695/71 - s S S S S
788/71 - (R) s s R (R)
8297/71 - (R) (R) S S S
8296/71 K12/8296/71 S (R) (R) R (R)
8222/71 K12/8222/71 (R) ; (R+) (R+) S (R)
14281/70 K12/14281/70 (R) (R) (R+-) ■ (R+) S
7892/71 K12/7892/71 (R) R+ S R S
8082/71 - S s S S S
8302/71 - R S s S S
- K12 S S s S S
TABLE'5M
sensitive to all antibiotics, was also used as a control in 
the comparison of degrees of resistance.
2.2.4. For superinfection experiments
Fifteen strains of E. coli K12, each carrying plasmid(s) 
of one of the recognized compatibility groups, were used in 
the experiments. These were kindly supplied by Dr. Naomi Datta 
from the Department of Bacteriology, Royal Postgraduate Medical 
School, Hammersmith Hospital, London (Table 6M).
3. Antibiotics, chemicals, media and antiserum.
3.1. Pink medium
X Basal medium
(i) Agar:- Davis agar - Davis Gelatine New Zealand Ltd.,
Christchurch, New Zealand.
(ii) Salt solution:- Sodium chloride 10.Og.
Magnesium sulphate, MgSO^.VH^O 0.4g
Ammonium dihydrogen phosphate 2.0g
Dipotassium hydrogen phosphate 2.0g.
Distilled water 1 litre.
(a) Distributed in 100ml. volumes.
(b) Sterilized by autoclaving at 115°C. for 20 minutes.
(c) Stored at room temperature until required.
XI Additives
10 per cent, glucose 100ml.
3.5 per cent, aequeous basic fuchsin 1ml.
nicotinic acid knife point.
(a) Distributed in 4ml. volumes.
B. COLI K12 STANDARD STRAINS USED IN THE SUPERINFECTION
EXPERIMENTS
K12 Factor Group Su St Te Amp Ne Chi
1. J53 R386 FI s S R S S S
2. J53 R1 FII R R s R R R
.3. J53-1 RA1 A R S R S S S
4. J53 R40A C R S S R R s
5. J53 R27 H S s R S S S
1 6 *
J53 R144 Id S ■ s R S R S
7. J53 R387 K. S R S S S R
8. J53 R391 J S S s S R S
9. J53 4466 M s R R S S S
10. J53 N3 N R R R s S S
11. J53 R16 0 R R R R S S
12. J53 RP4 P S s R R R S
13. CSH2 R+Sl T S S S S R S
14. J53-1 S-a V R R S 3 S R
15. J62 R6K
J ' - ___ i
X S S S R
i
S S
_  4 _  «.
J53 = F Lact met pro ____
J53-1 = F Lact+ met pro nalidixic acid resistant 
J62 = F~ Xact” pro his trp
TABLE 6M
(b) Steamed for 30 minutes to sterilize*
(c) Stored frozen until required. 
Ill Complete medium
(a) Melted 100ml. agar and cooled to 50°C.
(b) Warmed 100ml. salt solution to 50°C.
(c) Thawed 4ml. additive.
(d) Thawed appropriate antibiotic (See Materials
and Methods - Section 3.3.)•
(e) Added salt solution, additive and antibiotic
to the agar.
■'(f) Mixed well and poured 10 plates.
(g) Labelled and dried plates.
<h) Stored plates at +4°C. until required.
3.2. Grey medium. ~
X Basal medium. Agar and salt solution as for pink medium
II Additives.
10 per cent, lactose solution 100ml.
Lab-Lemco broth 1ml.
1 per cent. DL-methionine 2.5ml.
(a) Distributed in 4ml. volumes.
(b) Steamed for 30 minutes to sterilize.
(c) Stored frozen until required.
III Complete medium. As for pink medium.
3.3. Antibiotics.
Master solutions
(a) Made up 1 per cent. (10,000 jLLg./ml.) solution of
the appropriate antibiotic in sterile distilled water.
(b) Stored at +4°C. until required.
(c) Tetracycline stored at -20°C.
For use:-
To 200ml. complete medium was added
Antibiotic Pink Medium Grey Medium
Sulphathiazole A40 8ml.of 1/10 A40 8ml.of 1/10
(Thiazamide)
Streptomycin BIO 2ml.of 1/10 BIO 2ml.of 1/10
sulphate *
(Strepolin) S800 16ml.of Neat
Tetracycline C5 1ml.of 1/10 C4 0.8ml.of 1/10
(Achromycin) C35 7ml.of 1/10
Ampicillin H5 1ml.of 1/10 H25 5ml.of 1/10
(Penbritin) H500 10ml.of Neat
Neomycin N10 2ral.of 1/10 N8 1.6ml.of 1/10
(Mycifradin) "
Chloramphenicol P8 1.6ml.of 1/10 P8 1.6ml.of 1/10
* Nutrient agar used not ^ink* medium.
** Chloramphenicol used only in the sensitivity and transfer 
testing of the standard strains for superirfection 
experiments.
A,B,C,H,N,S and P - coding for the different antibiotic media. 
800, 500, 40, 35, 25, 10, 8, 5, 4 - level of antibiotic in the
medium in^U.g./ml.
Antibiotic - approved name above, proprietary name below
in brackets.
An additional medium called the ’All* medium \<ras included 
in the rate of transfer and superinfection experiments. This
incorporated all the antibiotics under test into the basic 
grey medium, e.g. testing for St, Te and Ne transfer, all the 
three antibiotics were added at the concentrations shown above 
to give one single medium.
3.4. Tryptone Soya Blood Agar.
I Salt agar base.
Sodium chloride lO.Og.
Dipotassium hydrogen phosphate 0.5g.
Davis agar 10.Og.
Distilled agar 1 litre.
(a) Distributed in 250ml. volumes.
(b) Dissolved agar in the distilled water by
autoclaving.
(c) Added salts and mixed well.
(d) Sterilized by autoclaving at 115°C. for 20 
minutes.
(e) Stored at room temperature until required.
II Tryptone Soya agar.
Tryptone Soya agar. (Oxoid)
III Tryptone Soya Blood agar.
Salt agar base 250ml.
Tryptone Soya agar 400ml.
Horse blood defibrinated (Burroughs Wellcome)
(a) Melted salt agar base and Tryptone Soya agar.
(b) Cooled to 50°C.
(c) Poured 10ml. salt agar base as a basal layer
into plates and allowed to set.
(d) Mixed 25ml. defibrinated horse blood into 400ml. 
Tryptone soya agar and poured onto salt bases.
(e) Labelled and dried plates.
(f) Stored at +4°C. until required.
N.B. Glass Petri dishes were used since chloroform 
(See Materials and Methods - Section 4.) attacks 
plastic Petri dishes.
MacConkey agar.
MacConkey agar. (Oxoid)
Nutrient agar.
Nutrient agar. (Oxoid)
Blood agar.
Columbia agar base. (Oxoid)
5 per cent. Horse blood defibrinated. (Burroughs 
Wellcome).
Lysed Blood agar.
Columbia agar base (Oxoid)
Horse blood defibrinated (Burroughs Wellcome)
(a) Distributed agar in 400ml. volumes.
(b) Sterilized by autoclaving at 121°C. for 15 minutes.
(c) Cooled to 50°C.
(d) 8ml* lysed blood. (Lysed by freezing and thawing 
twice - stored frozen in 8ml. aliquots.)
(e) Added lysed blood to agar, mixed well and poured
20 plates.
(f) Labelled and dried plates.
(g) Stored at +4°C. until required.
3.9. Glucose broth.
Nutrient broth (Oxoid)
Glucose (British Drug House, Poole)
(a) Distributed nutrient broth in 10ml. volumes.
(b) Sterilized at 121°C. for 15 minutes.
(c) 0.1ml. of a 20 per cent, seitz filtered glucose 
solution added to each 10ml. nutrient broth 
aliquot, to give a final glucose concentration 
of 0.2 per cent.
3.10. Amino acids.
Manufacturer - British"Drug House, Poole.
DL - tryptophan, aspartic acid, methionine, valine, 
threonine, ornithine monohydrochloride, serine.
L j- lysine monohydrochloride, tyrosine, histidine 
monohydrochloride, leucine, arginine mono­
hydrochloride, glutamic acid, proline, 
cysteine hydrochloride, cystine, hydroxy-proline 
DL-B - phenyl alanine.
DL-X - alanine.
DL-2 - amino-n-butyric acid.
DL-iso - leucine.
DL-nor^- leucine.
DL-3:4 - dihydroxy - phenyl alanine, 
glycine.
3.11. Shigella sonnei antiserum.
Manufacturer - Standards Laboratory, Central
Public Health Laboratory, Colindale.
Polyvalent antiserum.
Phase I (smooth) antiserum.
Phase II (rough) antiserum.
3.12. Antibiotic discs.
Manufacturer - Oxoid.
Sulphatriad (300 yU-g. ); Streptomycin (25^-g.);
Tetracycline (50yxg.); Ampicillin (25yu.g.);
Neomycin (30yjLg.).
4. Colicine typing.
Each strain of Sh. sonnei was streaked across the 
diameter of two Tryptone soya blood agar plates. After over­
night incubation at 37°C,, the macroscopic growth was removed 
with a glass slide and the plates exposed to chloroform to 
sterilize the microscopic remnants of growth. Overnight broth 
cultures of the fourteen indicator strains were transferred to 
Durhams tubes, and multiple loops were used to inoculate the 
strains at right angles to the originalline of growth (Fig.lM).
The plates were then re-incubated overnight at 37°C., and 
during this period any colicines produced by the original 
inoculum exerted their inhibitory activity on the indicator 
strains. The various patterns of inhibition were then ob­
served (Fig. 2M).
Figures 3M and 4M show examples of two different types of
f u
Durhams tubes and multiple loops
FIGURE 1M
Shigella sonnei - colicine typingpatterns
SHIGELLA S O N N E I -  C O L IC IN E  T Y P IN G  PATTERN
'SrvVioA-cr T Y P E S T R A i N S
0 la lb 2 3 3a 4 5 6 7 8 9 10 12 13 14
1
N  56 - + +. + + + + 4* + - + + + + +
D 17 - + + + + + + 4" - + + + + + +
' 1 5 6 /5 6 - 4- + - + + - + + - - + + + + +
C R1 ' - - - - + V+ + + - - + + + + - +
A  R6 - - + + + + + + - + - - + + + + +
1 M 19 - + - + - - + - - - - + - - -
O  2 /6 4 - - - - + + + + +.
R RJ - - - + + -
C oli Row - +. + + + + + + + - + + + + + +
S
T
•
R 2 - + + - + + + + -• - + + + + - +
A  2 /7 - - - - + + + , + - - - - - - - +
I 38 - - - - + + + + - - 4* - + + -
+
N  5 6 /9 8 ' - + + - + + - + - - 4 + + + +
S 2 /1 5 - - - - + + -f + 4" + + +
-  -  no inhibition ■+ = inhibition
FIGURE 2M
FIGURE 3M
Colicine type 4 strain
FIGURE 4M
colicine producing strains of Sh. sonnei. Figure 3M shows 
that there had been no inhibition of the indicator strains, 
thus demonstrating that this particular strain of Sh, sonnei 
did not produce any colicine, i.e. C.T. 0. However, the 
strain of Sh. sonnei in Figure 4M had produced a pattern of 
inhibition which corresponded to C.T.4 in Figure 2M.
As a routine procedure, only the first set of indicator 
strains (Fig. 2M) was used, as this was sufficient to subdivide 
the Sh. sonnei strains into their sixteen different colicine 
types. It was only if there was any discrepancies in the 
reading of the nine indicator strains of the first set that 
the second set of five strains was included.
5. Antibiotic sensitivities.
5.1. Sensitivity testing.
Broth cultures of Sh. sonnei were incubated overnight at 
37°C. and then inoculated onto a selective medium (Davies et 
al., 1968a; 1968b). This medium was referred to as *pink* 
medium because of the addition of basic fuchsin. This was 
merely to distinguish the plates from the minimal agar con­
taining antibiotics used for the-transfer experiments.
Antibiotics were incorporated into the pink medium to 
a final concentration sufficient to allow the resistant strains 
to grow and inhibit the sensitive strains. The concentrations 
of antibiotics were chosen after a number of strains, whose 
M.I.C.'s had previously been determined, had been inoculated 
onto plates containing various concentrations of antibiotics.
It was possible to select, for each antibiotic, a concentration 
at which all strains previously classified as ^ sensitive* 
would be completely inhibited, but on which all *resistant* 
strains would grow (Davies et al., 1968a; 1968b). The con­
centrations used in the present investigation were: 
sulphonamide 20yug./ml., streptomycin 10 yuLg./ml. , tetracycline 
5 yug./ml., ampicillin 5yu.g./ml. and neomycin 10yU.g./ml.
An additional plate containing 500/ug./ml. of ampicillin 
was used to distinguish the highly resistant strains. The 
test for high level resistance to streptomycin was performed 
on nutrient agar containing 800 jULg./ml. of streptomycin. A 
tetracycline plate at a level of 35jLig./ml. was included to 
distinguish between low and high levels of resistance.
During the period^ of study it was found that both sensi­
tive and resistant Sh. sonnei strains were growing on the 
sulphonamide medium containing 20 ju.g./ml. of sulphonamide.
After further M.I.C. determinations, with known sensitive and 
resistant strains, it was found that the level of sulphonamide 
in the medium needed to be raised to 4 0 yUg./ml., in order to 
suppress the growth of the sensitive strains.
A control plate was included which contained no antibiotics.
The plates were then incubated overnight at 37°C., and the 
results read as growth or no growth on the appropriate medium. 
Occasionally, strains of Sh. sonnei were unable to grow on 
this pink medium (including the control plate containing no 
antibiotics) because the medium was lacking in one or possibly 
more than one amino acids. These strains were known as
exacting strains and this property was another aid in the 
epidemiological division of Sh. sonnei.
To test which amino acid(s) the strain required for growth 
(i.e. auxanogram), a few grains of the twenty four available 
amino acids (See Materials and Methods Section 3.10) were 
dropped separately onto a third of a plate of pink medium, 
previously inoculated with the test strain. The amino acid(s) 
to which it was exacting could be recognized by the growth 
around that area on the plate.
As this phenomenon occurred infrequently, it did not 
justify the incorporation of each different amino acid and, 
various combinations of the amino acids, into the pink medium. 
In a situation such as this, sensitivities were carried out on 
lysed blood agar plates with antibiotic sensitivity discs 
(sulphatriad 300 , streptomycin 25 jLLg., tetracycline 50 j^g. ,
ampicillin 25 fxg, and neomycin 30 ^ u-g.). The inoculum was a 
loopful of a 4hour glucose broth culture, spread over the 
entire plate.
5.2. Methods of inoculation.
A bacteriophage typing machine (Lidwell pattern) was 
adapted with a special head carrying twelve stainless steel 
l/16n rods set at centres, for routine inoculation. The 
rods were arranged in four rows (2-4-4-2) so that they could 
be used to inoculate a 3-2”  Petri dish (Fig. 5M). Glucose 
broth was dispensed in round-bottomed 3 x ■J*' agglutination 
tubes set in racks at the same centres and arrangement as 
the rods. A lid was fitted over each set of 2 x 12 broths
FIGURE 5M
(Fig, 6M). (One set of 12 broths was used for sensitivity 
testing and the other set for transfer of resistance testing.)
The rods were sterilized by immersion in boiling water 
and were first used to mark blood agar templates. Strains of 
Sh. sonnei to be tested were then inoculated over the marks 
on the templates and incubated for 4 hours (Fig. 6M). Growth 
was then transferred from the templates to the broths using 
the rods. The broths were incubated overnight at 37°C.
Plates of pink media, containing suitable concentrations of 
antibiotics, were inoculated with the overnight broth cultures, 
using the rods. All plates were then incubated overnight at 
37°C., and the results read as growth or no growth on the 
appropriate medium.
6• Transfer of resistance determinants.
6.1. Transfer of resistance testing.
A modification of the Anderson and Lewis (1965a; 1965b) 
transfer technique, as mentioned by Davies et al. (1968a), 
was carried out by growing the strain of Sh. sonnei in broth 
with K12. This mixture was usually incubated overnight but 
sometimes, to separate progeny of different resistance patterns, 
shorter incubation periods were used. The K12 recipient was 
separated from the Sh. sonnei donor by plating the mixed 
culture onto a medium which, while supporting the growth of 
K12, was nutritionally deficient for Sh. sonnei. Instead 
of glucose and nicotinic acid, lactose and DL methionine were 
incorporated in the medium. The dye was omitted and this
Template and rack of broths
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enabled the medium, i.e. *grey1 medium, to be distinguished 
from pink medium.
However, this method did not totally prevent the donor 
strain, which was present in the mating mixture, from growing 
on the recipients medium since a background growth was often 
seen. This growth did not affect the results but it did make 
the task of picking the progeny from such matings more diffi­
cult. This was overcome by careful picking using a plate 
microscope.
It was found that at the appropriate concentration of 
antibiotic (Su 40 jUg./ml. , St 10^jLg./ml., Te 4 ^ Lg./ml. , Amp 
25 jxg./ml. and Ne 8 yuLg./ml. ) growth would occur on the mini­
mal medium only if antibiotic resistance had been transferred 
to K12. A plate without antibiotic was included as a control.
It was also found necessary to raise the level of 
sulphonamide from 1 0 /U-g./ml. to 40ymg./ml. in the grey medium 
as the sensitive K12, having received no sulphonamide resis­
tance from Sh. sonnei, was seen to grow on the medium con­
taining only 10jJLg./ml.
Occasionally, no growth of K12 was seen on the control 
plate. Some strains of the donor Sh. sonnei produced sufficient 
colicine in the mixture to inhibit the growth of the K12 so 
that any transfer of antibiotic resistance could not be demon­
strated. To overcome this, a colicine resistant E. coli K12 
was used as the recipient strain.
6.2. Methods of inoculation.
The method of inoculation was the same used for sensi­
tivity testing of the Sh. sonnei (See Materials and Methods - 
Section 5.2). An extra template was inoculated with K12 over 
each mark and then growth was transferred from both sets of 
templates, i.e. from the Sh. sonnei plate and the K12 plate, 
to the broths. Grey media, containing suitable concentrations 
of antibiotics, were used and after overnight incubation the 
results read as growth (transfer of resistance) or no growth 
(no transfer).
This method was restricted to the routine screening of 
strains in which only a pattern for transfer of resistance 
was required. However, for a more qualitative study, in which 
the progeny were needed for further investigations, a standard 
loopful of the mating culture was spread over one sixth of a 
plate of the appropriate medium. Hence, picking of progeny 
was made easier*
Differences in the readings for transfer experiments 
occurred occasionally between these two methods. The latter 
method of inoculation was able to detect more readily the 
transfer of resistance at a very reduced level. For example, 
the presence of three colonies on the neomycin grey medium 
was seen when the strain of Sh. sonnei Laboratory Number 
(Lab. No.) C73/205 was mated with K12 and spread across one 
sixth of the plate. This had previously been recorded as 
having a non-transferable neomycin resistance when the multi- 
inoculation technique was used. To ensure that transfer of
neomycin had occurred, the progeny were purified on MacConkey 
agar and broth cultures of each were retested on neomycin grey 
medium. In this case, growth occurred with all three cultures.
6.3. Mating times (including the testing of progeny).
A series of experiments were carried out to investigate 
the time necessary for the transfer of genetic material, i.e. 
resistance determinants, from donor (Sh. sonnei) to recipient 
(K12).
The donor strain used was Sh. sonnei Lab. No. C73/187, 
the sensitivity pattern of which was
Sulphonamide - resistant, transferable (R)
Streptomycin - resistant (high level), transferable (R+) 
Tetracycline - resistant, transferable (R)
Ampicillin - sensitive S
Neomycin - resistant, transferable (R)
(R) (R+) (R) S (R)
*e* Su St Te Amp Ne
The recipient was K12.
Broth cultures of each were mated and at hourly intervals
(1 hour -- » 7 hours) and overnight, a standard loopful of the
mixture was spread over a quarter of a plate of the following 
media, control, Su, St, Te and Ne grey media. (The Amp. 
medium was not included as the donor was sensitive to this 
antibiotic). After overnight incubation at 37°C., the plates 
were examined and the growth for each hour was compared on the 
different media (Tabie 7M).
The results shotted that within the first hour of mating,
DETERMINATION OF MATING TIMES REQUIRED FOR THE TRANSFER OF
DRUG RESISTANCE
Time Su St Te Ne control
10:00 ++ 18 cols + ++ +++
11:00 ++ ++ + -£++ ++ +++
12:00 ++ ++ ++ ++ +++
1:00 ++ ++
.
++
’ -
++ +++
2:00 ++ ++ ++ ++ +++
3:00 ++ ++ ■++ +-j- +*r +
4:00 ++ ++ ++ ++ +++
5:00 ++ ++ ++ ++ + + +
Over-night +++ +++ +++ +++ | +++
For abbreviations see Materials and Methods - Section 1.
TABLE 7M
there had been some degree of transfer of resistance from 
the donor (C73/187) to the recipient (K12).
Since the growth on all the media containing antibiotics 
was similar, it was believed that the resistance determinants 
for sulphonamide, streptomycin, tetracycline and neomycin 
were transferred together. To test this assumption, five 
colonies were picked from each medium after the one hour 
mating and purified on MacConkey agar. Broth cultures were 
made of these isolates and, after overnight incubation, each 
was spread onto one sixth of a plate of the five media.
Two types of progeny were seen:-
(1) One type showing multi-resistance, since all had received 
the resistance determinants for the four antibiotics.
(2) Two of the progeny., however, were sensitive to sulphona­
mide but resistant to streptomycin, tetracycline and neomycin.
These results did not support the initial hypothesis 
that the resistance determinants for all four antibiotics were 
present on one plasmid. It now appeared that the resistances 
for streptomycin, tetracycline and neomycin were transferred 
together, with or without the sulphonamide resistance. How­
ever, further investigations were necessary to confirm this.
Investigations into mating times were next made using 
the same donor and recipient, but mating was interrupted at 
five minute intervals for one hour. The same procedure was 
carried out as before.
The results showed that the resistance determinant for 
sulphonamide was transferred at a faster rate than the others;
even within five minutes, transfer had occurred to a consider­
able degree (Table 8M).
Colonies were again picked and the isolates tested for 
multi-resistance. These were found to be three different 
types of progeny:-
Su St Te Ne
R S S S
R R R R
S R R R
It was thus concluded that the resistance determinant 
for sulphonamide was able to exist and be transferred on its 
own, as shown by the types SRRR and RSSS. It also appeared 
that the resistance determinants for streptomycin, tetracycline 
and neomycin were linked and hence were transferred together 
on one plasmid.
The results showed that overnight matings gave a highty 
efficient transfer of the resistance determinants from 
Sh. sonnei to K12, but mating could be stopped after 6 hours 
and the degree of transfer of resistance still be relatively 
high.
However, when testing progeny from a mating mixture, 
the three time intervals (35 minutes, 6 hours and overnight) 
were adopted as this method showed whether the resistance 
determinants were travelling together on one plasmid or 
different plasmids.
6.4. Volumes of donor and recipient in mating mixtures.
An investigation was made into the volumes of donor and
INTERRUPTED MATING AT FIVE MINUTE INTERVALS OVER A PERIOD
OF AN HOUR
Time Su St Te . Ne control
10:05 ++ — 1 col — +++
10:10 ++ - 2 cols - +++
10:15 ++ 1 col 1 col - +++
10:20 ++ - 4 cols - +++
10:25 ++ 1 col 6 cols 5 cols +++
10:30 ++ 14 cols 12 cols 28 cOls +++
10:35 ++ 20 cols 21 cols 32 cols +++
10:40 ++ 30 cols 40 cols + +++
10:45 ++ + + + +++
10:50 ++ + + + +++
10:55 ++ + + + +++
11:00 ++ + 4- +++
For abbreviations see Materials and Methods - Section 1
TABLE 8M
recipient necessary for the efficient transfer of resistance 
determinants. The donor, Sh. sonnei Lab. No. C73/187, and the 
recipient, K12, were inoculated into two glucose broths and 
after overnight incubation the following volumes were added 
to fresh glucose broth:-
C73/187 K12
0.1ml. lml.
0.5ml. 0.5ml.
lml. 0.1ml.
Matings were interrupted after 35 minutes, 6 hours and 
overnight, and a standard loopful of each plated onto control, 
Su, St, Te and Ne grey media (Table 9M).
From this experiment, it was concluded that over the range 
tested, the relative volumes of donor and recipient were not 
important - it appeared that the presence of each, irrespec­
tive of volume, gave efficient transfer.
7. Rates of transfer experiments.
Quantitative estimations of resistance transfer were per-
*■1 **6formed by making serial ten-fold dilutions (10  > 10*" )
of an overnight mixed culture. A loopful of each dilution 
was spread over a quarter of a plate of grey media with or 
without the appropriate antibiotic, and incubated overnight 
at 37°C. Transfer frequencies were estimated as a fraction 
of the total recipient population which was resistant at the 
termination of the cross.
In this study, a strain of Sh. sonnei, Lab. No. C73/363,
INTERRUPTED MATINGS USING VARYING VOLUMES OF DONOR, SH, SONNEI 
C73/363, AND RECIPIENT, E. COLI K12
Time Volumes 
C73/187 K12
Control
Su St Te Ne
35 O.lml, lml. + + + + 4 15 10
mins. 0,5ml. 0.5ml. + + + + 27 34 13
lml. 0.1ml. + + + . +
.
16 16 41
6 0.1ml. lml. + + + + + + +  + + + + +  + + + + + +
hours 0.5ml. 0.5ml.
.
- - f + + + + + +  + + + . + +  + + + + + +
lml. 0.lml. +++ + + ++ +++ ++ +++ +++
Over­ 0.1ml. lml.
'
+++ +++ +++ +++ +++
night
0.5ml. 0.5ml. +++ +++ +++ +++ +++
lml. 0.1ml. +++ +++ +++ * v * + + +++
For abbreviations see Materials and Methods - Section 1
TABLE 9M
was mated with K12. The Sh. sonnei had two transferable 
resistances, one for tetracycline and the other for ampicillin* 
Selection was made on control, tetracycline and ampicillin 
grey media*
6Control count - 1.0 x 10 per loopful
Tetracycline , R ir44 _
, - 1*5 x 10 per loopfulcount ^
Ampicillin A 0 ,~4 _ _ _
count ~ x 10 per loopful
Per Cent, rate of transfer = Total count on antibiotic medium x 100Total count on control medium
Per Cent, rate of transfer for tetracycline was 1.5.
Per Cent, rate of transfer for ampicillin was 0.9.
The rates of transfer for both these resistance determinants
were very similar and, within the limits of experimental error,
were assumed to be transferred with equal frequency.
To determine rates of transfer by this dilution technique
was time consuming and a method was adopted in which the rate
of transfer was estimated by comparing growth on the control
medium with that on the antibiotic medium and recording the
+
results as degrees of growth, i.e. no. of cols, +, ++ 
and +++.
8. Superinfection and exclusion experiments.
(including M.I.C. determinations)
A set of standard strains, each carrying a resistance 
factor of a known compatibility group, was used throughout the 
investigations (Table 6M).
The strains were E. coli K12 with varying requirements for
the different amino acids. Since all the grey media used in 
this research project was specific for E. coli K12 F-met. , 
in which the amino acid was methionine, the standard strains 
were unable to grow on this particular medium (with the excep­
tion of CSH 2). To overcome this problem all the standard 
resistance factors were transferred to E. coli K12 F-met.~, 
thus avoiding the need to make up a new set of media.
Each of the strains was tested for their sensitivities 
and their ability to transfer any resistance, using the spreading 
technique as the method of inoculation. This was used in pre­
ference to the multi-inoculation technique as the progeny from 
the matings were required for further investigations.
A number of progeny from each mating were tested for their 
sensitivity patterns. This was to ensure that all the resis­
tance determinants for the appropriate antibiotics had been 
transferred to the K12 and thus a set of standard strains, 
with E. coli K12 F-met. as host, were available.
Further investigations were made with the standard 
strains
(a) Test the M.I.C. of each resistance determinant.
(b) An interrupted mating experiment to investigate the way 
in which each resistance determinant was transferred.
(a) M.I.C. investigations.
One gram of each antibiotic (Su, St, Te, Amp, Ne and 
Chi) was dissolved in 100ml. of distilled water to give a 
concentration of 10,000/tg./ml. The Chloramphenicol (Chi) 
required 400ml. of distilled water before the antibiotic was
97
fully dissolved (2,500^g./ml.). Doubling dilutions of the 
antibiotics were made in 4ml* volumes of distilled water and 
lml. of each was added to 2 x 20ml, of the grey medium. Hence, 
for every antibiotic, there were two plates at each dilution. 
Dilutions were: 500, 250, 125, 62.5, 31, 15, 7.5, 3.75, 1.9
and 0 jULg./ml.
Overnight broth cultures of the fifteen strains and K12 
as a control strain were inoculated by spotting a standard 
loopful of each culture onto an eighth of a plate, and then 
incubating overnight at 37°C.
The M.I.C. results (Table 10M) would prove very useful 
in differentiating the resistances of these standard plasmids 
from the resistances of the incoming plasmid from the donor 
strain.
When M.I.C. determinations were carried out on strains 
of Sh. sonnei the same procedure was performed, using pink 
media instead of grey.
(b) Interrupted mating investigations.
The interrupted mating experiment involved those strains 
which had more than one resistance determinant: standard
recipient Nos. 2, 3, 4, 6, 7, 9, 10, 11, 12 and 14. Mating 
was interrupted at 35 minutes, 6 hours and overnight, and 
the growths compared after incubation overnight at 37°C.
It was assumed that all the resistance determinants in 
any one strain were transferred together on one plasmid, as 
the rate of transfer appeared to be the same for each* How­
ever, from previous experience this was not necessarily the
MINIMUM INHIBITORY CONCENTRATIONS OF THE FIFTEEN STANDARD 
STRAINS TO THE FIVE ANTIBIOTICS
Strain
No.
Minimum Inhibitory Concentration (p-g./ml.)
Su St Te Amp Ne Chi.
1 7.5 1.9 31 1.9 <1.9 1.9
2 >500 62.5 <1.9 >500 >500 125
3 >500 1.9 62.5 1.9 <1.9 1.9
4 >500 1.9 <1.9 >500 125 1.9
i 5 7.5 1.9 62.5 15 1.9 1.9
! 6 7.5 1.9 15 1.9 >500 1.9
7 7.5 >500 7.5 1.9 1.9 125
8
7.5 3.75 <1.9 1.9 >500 1.9
1 9
1
7.5 250 62.5 1.9 1.9 1.9
| 10 >500 125 62.5 <1.9 1 • 9 1.9
11
>500 62.5 62.5 62.5 1.9 1.9
1 12
i
3.75 3.75 62.5 >500 15 1.9
13 7.5 <1.9 <1.9 1.9 15 1.9
14 >500 125 <1.9 1.9 3.75 125
15 7.5 1.9 <1.9 >500 <1.9 1.9
K12 3.75 1.9 <1.9 1.9 1.9 1.9
_ _ _ _ _ _ _ . . . . .  _ <•
TABLE 10M
case (See Materials and Methods - Section 6.3.). The progeny 
were therefore tested for the presence of each resistance 
determinant.
Growth was present on all the plates and from this, it 
was concluded that the resistance determinants for each strain 
were carried on the one plasmid.
The complete superinfection experiment consisted of five 
separate investigations
(1) For each set of test strains of Sh. sonnei, sensitivities 
and transfer patterns were first determined.
(2) If more than one resistance determinant was present,
the strain was tested by the interrupted mating technique 
to determine whether the resistant determinants were 
transferred separately or together.
(3) The test strains were then mated overnight with each 
standard strain showing sensitivity to an incoming resis­
tance determinant, or to at least one of the incoming 
resistance determinants on the same plasmid, and selection 
was made on grey media containing the appropriate anti­
biotic. Each of these test strains was also mated with 
the fully sensitive K12 to compare the degree of transfer 
of resistance.
The types of results which were encountered were:-
(a) Total exclusion of the incoming resistance determinant in 
which no growth was present on the antibiotic medium after 
mating. This showed that the incoming plasmid and the 
resident plasmid were unable to exist in the same cell
and hence belonged to the same compatibility group.
(b) A reduced rate of transfer. This was either due to ex­
clusion of some degree or the recipient was an inefficient 
acceptor of the genetic material.
(c) The same rate of transfer as that found with the fully 
sensitive K12. Here the incoming plasmid had been accepted 
and provided that the resident plasmid was still present, 
superinfection had occurred. The two plasmids did not 
belong to the same compatibility group.
(4) The fourth investigation was to test the progeny for the 
presence of the donor plasmid and recipient plasmid. If 
both were present, superinfection had occurred and the 
two sets of plasmids were of different compatibility 
groups.
It was occasionally impossible to state whether both sets 
of plasmids were present as resistance to some antibiotics were 
common to both. A wider range of standard strains would help 
this problem.
(5) Finally, a reversal of the method of mating was carried out 
to support the initial findings. This involved using
Dr. Dattafs original standard*strains as donors and the 
test strain x K12 as the recipient. Matings were also 
made between the original standard strains and K12 for 
comparison of transfer rates. The donor strains, being 
exacting for additional amino acids other than methionine, 
were unable to grow on the grey medium and hence did not 
interfere with the result.
A U J L
This rather tedious and lengthy method could not be adopted 
as a routine screening method for further subdividing the
Sh, sonnei. It would require one person working full time to
complete the work. A simplified method had to be developed 
so as to reduce the time and materials used.
The multi-inoculation technique, as used for sensitivity 
and transfer testing, was adopted to enable twelve strains with
one standard recipient.to be tested on one plate. In this
simplified technique, it was hoped that it would be sufficient 
to perform only the first three of the investigations and from 
this be able to recognize and classify different exclusion 
patterns.
Four sets of Sh. sonnei strains were tested using these 
techniques
(a) Random selection of strains.
(b) Aberdeen strains.
(c) Lincoln strains.
(d) Selection of strains having a transferable resistance 
determinant for sulphonamide as its only transferable 
resistance determinant but having been isolated from 
different areas of the country.
(a) Random selection of strains.
Sh. sonnei Su St Te Amp Ne C.T
1. C74/72 S R+ S (R+) S 0
2. C74/62 s R+ (R) S S 0
3. C74/44 (R) (R ) S S s 0
4. C74/5 (R) R+ (R) S s 0
5. C73/370 S S (R+) (R+) s 0
1VZ
Their sensitivities and their ability to transfer any 
resistances were checked and found to agree with the previous 
results.
An interrupted mating was carried out on strain C73/370 
and it was shown that the resistance determinants for tetra­
cycline and ampicillin were transferred on one plasmid. (The 
sulphonamide resistance determinants of C74/44 and C74/5 were 
ignored).
Matings were made with the appropriate standard strains,
i.e. each of the standard strains showing sensitivity to at 
least one of the incoming resistances, and K12, and after over­
night incubation at 37°C«>, plated onto the required media.
The results were recorded as degrees of growth, i.e.
+
Number of colonies, - and +, compared to the growth shown by 
the control K12 strain which exhibited 4- growth.
The results showed that total exclusion occurred with 
strains 1 and 5 when mated with the No. 6 standard recipient.
It was thus assumed that these strains carried plasmids be­
longing to the compatibility group, Id. The remaining three 
Sh. sonnei strains demonstrated no exclusion pattern with the 
standard strains. - -
(b) Aberdeen strains.
Six strains of Sh. sonnei were selected from the Aberdeen 
isolates of 1973:-
1. C73/81
2. C73/205
3. C73/217
(R) (R+) R (R) R
Su St Te Amp Ne
103
(R) (R+) (R) S (R)
Su St Te Amp Ne
4. C73/187
5. C73/344
6. C73/345
After sensitivity and transfer of resistance testing* an 
interrupted mating was carried out. This involved the strepto­
mycin and ampicillin resistance determinants for strain numbers 
1, 2 and 3, and streptomycin, tetracycline and neomycin for 
strain numbers 4, 5 and 6. (The sulphonamide determinants 
were ignored).
After testing the progeny from such matings, it was be­
lieved that only one plasmid, carrying the relevant resistance 
determinants, was involved in each case*
After mating with the appropriate standard strains and K12, 
the following results were obtained:-
Strains 1, 
" 2.
Excluded by No. 7 only 
No exclusion pattern 
Excluded by No. 3 and No. 7
All excluded—by No.-6 only
K plasmid
A and K
plasmids,
respectively
Id plasmid
(c) Lincoln strains.
Strains:- 1, C74/146, 2. C74/147, 3. C73/370, 4. C73/363
and 5. C73/364.
The sensitivity pattern and ability to transfer any resis­
tance were the same for each strain:-
S S (R+) (R+) S
Su St Te Amp Ne
The tetracycline and ampicillin resistance determinants 
were shown to be transferred together on one plasmid.
The same exclusion pattern was found for each strain - 
exclusion to the No, 6 standard recipient, showing the presence 
of an Id type plasmid in the Lincoln strains.
(d) Transferable sulphonamide resistant strains.
Strains:- 1. C74/160 Guildford
2. C74/76 Wolverhampton
3. C74/73 Wolverhampton
4. C74/68 Basingstoke
5. C74/69 Basingstoke
This investigation was carried out to see whether the 
exclusion pattern was the same for each strain.
No exclusion pattern was seen.
These experiments showed that different exclusion patterns 
could be demonstrated by the simplified technique and it was 
used to investigate a larger number of strains of Sh. sonnei, 
isolated from different epidemiological episodes.
R E S U L T S
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RESULTS
1. Examination of Shigella sonnei strains isolated in London 
in 1972.
A total of 308 strains of Sh. sonnei (Table 1M), isolated 
in London in 1972, were tested for their colicine production, 
their sensitivity to sulphonamide, streptomycin, tetracycline, 
ampicillin and neomycin, and their ability to transfer any 
antibiotic resistance to K12. Based on these criteria, 61 
different patterns were recognized and these are listed in 
Table 1R.
It is not surprising that such a large number of types 
were found in an area such as London, in iirhich considerable 
population movement occurs. Some strains, notably C.T. 6/11, 
were isolated from patients who had been infected abroad.
It was decided to concentrate upon the two most commonly 
occurring types and to study their epidemiology and other 
characteristics. These were:—
a. Colicine type 3A 
Sensitive to Su
Resistant to Amp (non-transferable)
Resistant to St, Te and Ne (transferable) 
i.e. S (R) (R) R (R)
Su St Te Amp Ne 
This strain represented 35.07 per cent. (i.e. 108/308) of the 
total isolates.
b. Colicine type 3A
Sensitive to Su, St, Te and Ne
THE DIFFERENT TYPES OF SH. SONNEI ISOLATED IN LONDON IN 1972
Type of strain No. of 
cases
% of 
total
% of 
total
s S S R S 3A 39 12.67
s S (R) R S 3A 2 0.65
(R) S S R S 3A 1 0.32
R (R) s R S 3A 1 0.32
S (R) s R (R) 3A 1 0.32 50.65
R R (R+) s (R) 3 A 1 0.32
s (R) (R+) R (R) 3A 2 0.65
S (R) (R) R (R) 3A 108 35.07
(R) (R) (R) R (R) 3A
.
1 0.32
S S S S S 6/11 14 4.56
R R S S S 6/11 11 3.58
R R+ s S S 6/11 1 0.32
9.74
R (R) s S S 6/11 1 0.32
R R (R+) S S 6/11 2 0.65
(R) (R) (r +) S S 6/11 1 0.32
TABLE 1R
Type of strain No. of 
cases
% of 
total
% of 
total
s S S S S 0 7 2.28
'
) ■ .
s S s R S 0 1 0.32 !
. v '
R S s S S 0 3 0.98
) i 
>
R Extg? s S S 0 1 0.32
S R s S S 0 1 0.32
R R s S s 0 3 0.98
R S s R s 0 1 0.32
(R)
Ext.?
R s R s 0 1 0.32
(R) S s R s 0 4 1.31
(R)
(R)
(R)
Ext.Arginine 
S BS R
R+ S R
Ext.?
R+ S R
s
s
s
0
0
0
2
7
2
0.65
2.28
0.65
) 17.22
S
(R)
S
Ext.?
(R)
(R+)
S
R
R
s
R±
0
0
1
1
0.32
0.32
(R) R+ s (R+) s 0 1 0.32
(R)
(R)
(R) S
Ext.Phenyl 
- (R) S
(R+) S
Alanine 
(R) S
o
0
5
6
1.63
1.95
(R) (R) (R+) s s 0 4 1.31
(R) (R) S (R+) (R) 0 1 0.32
(R) <R) (R+) R (R) 0 1 0.32
Ext* = Exacting to.
TABLE 1R (contd)
1UO
Type of strain No.of % of % of
cases total total j
s S S R S - • 7 1 0.32
i
s
Ext. leucine 
R R S 7 15 4.88
R
Ext.
R
leucine 
S R S 7 2 0.65
R
Ext.
R
leucine 
S R R 7 1 0.32
R
Ext.
R
leucine 
R R S 7 2 0.65
10.72
(R) S S R S 7 4 1.31
(R)
Ext.
S
leucine 
S R S 7 2 0.65
S leSCin?R) (R) 7 3 0.98
S %
*>
* s (R) (R) 7 1 0.32
R
i
E? h ’ s (R) (R) 7 2 0.65
" ■ ■
S s s s S
■ ■
4
.
2 0.65
S s s R s 4 5 1.63
R R R+ S s 4 1 0.32
(R) s S S s 4 1 0.32
S (R) (R) S (R) 4 1 • 0.32
9.74
s (R+) (R) S (R) 4 6 1.95
s (R+) (R+) S (R) 4 1 0.32
s
Ext.
(R)
Methionine 
(R) R (R) 4 1 0.32
(R) (R+) (R) S (R) 4 9 2.93
(R) (R+) (R) (R) (R) 4 3 0.98
Ext. = Exacting to.
TABLE 1R (contd)
Type of strain
s S S S S 8
s S S R S 8
(R) R+ S R S 8
No.of 
cases
% of % of 
total total
S S (R+) S S
(R) R+ S R S
R R S R S 13
0.32 )
)
0.32 ) 0.97
)
0.32 )
0.32 0.32
0.32 0.32
0.32 0.32
TABLE 1R (contd) —
Resistant to Amp (non-transferable)
i.e. S S S R S 
Su St Te Amp Ne
12.67 per cent. (i.e. 39/308) of the isolates showed this pattern.
Considering the C.T. 3A S (R) (R) R (R) strain, the areas 
from which it was isolated and the frequency at which this 
occurred are shown in Table 2R.
Hammersmith, Hackney and Islington showed the greatest pro­
portion of isolates. The location of these areas included in 
Table 2R and the frequency at which the C.T. 3A S (R) (R) R (R) 
strains occurred are shown in Figure 1R. It can be seen that 
the three aforementioned areas are all situated north of the 
River Thames, with Hackney and Islington being neighbouring 
districts. Hammersmith, having the largest isolation rate of 
30.56 per cent., is situated 10 miles to the southwest of 
Hackney and Islington. Three of the remaining areas, i.e. Cam­
den, City of London and Tower Hamlets, with C.T. 3A 
S (R) (R) R (R) isolations, are situated around the areas of 
Islington and Hackney. The areas Wandsworth, Lambeth, South­
wark and Tooting are neighbouring districts, south of the River 
Thames, and accounted for a totaL of 23.15 per cent, of the 
cases. It was also noted that they are opposite to those areas
north of the River Thames in which C.T. 3A S (R) (R) R (R) out­
breaks occurred. One case occurred in the Bexley area, which 
is situated south of the river, in Kent.
The other C.T. 3A strain, i*e. C.T. 3A S S S R S, was
isolated from only eight areas compared with the eleven involved
DISTRIBUTION AND FREQUENCY OF THE C.T. 3A S (R) (R) R (R)
STRAINS IN LONDON
Area No. of cases °/c of total
Bexley 1 0.93
Camden 2 1.85
GLC 1 0.93
Hackney 15 13.89
Hammersmith 33 30.56
Islington 26 24.07
Lambeth 7 6.48
Southwark 10 9.26
Tooting 7 6.48
Tower Hamlets 5 4.63
Wandsworth 1 0.93
TABLE 2R
MAP OF LONDON SHOWING THE AREAS AND THE FREQUENCY OF 
ISOLATION OF THE C.T. 3A 8 (R) (R) R (R) STRAINS
FIGURE 1R
KEY C.T. 3A S (R) (R) R (R) strains.
% Isolation
1 GLC 0.93
10 Camden 1.85
11 Islington 24.07
12 Hackney 13.89
18 Tower Hamlets 4.63
19 Hammersmith 30.56
23 Wandsworth 0.93
(including Tooting) (6.48)
24 Lambeth 6.48
25 Southwark 9.26
28 Bexley 0.93
in the C.T. 3A S (R) (R) R (R) isolations (Table 3R).
Tooting, south of the River Thames, was the area involved 
in the highest number of isolations of this strain - 51.28 per 
cent. The distribution of cases and the situation of areas are 
shown in Figure 2R.
A time distribution of these two strains was drawn up to 
see when the outbreaks occurred (Table 4R).
In Table 4R, it can be seen that, for both strains, most 
isolations occurred in the last quarter of the year, with the 
numbers gradually increasing throughout the year to reach this 
peak.
All the C.T. 3A S (R) (R) R (R) strains were then 
separated from the other London isolates and the following set 
of experiments carried out. The strain, C.T. 3A S S S R S, 
was of little use in the experiments to follow as the resis­
tance it possessed was non-transferable.
1.1. To demonstrate that the transferable resistances of 
streptomycin, tetracycline and neomycin of the 
C.T. 3A strains were transferred together on one 
plasmid. ---
Four progeny from the mating between the Sh. sonnei strain 
Lab. No. 180, chosen at random from the London isolates, and 
K12, at each time interval (35 minutes, 6 hours and overnight) 
and from each medium (St, Te and Ne), were tested for the 
presence of all three resistances, St, Te and Ne.
Since all the progeny showed resistance to the three 
antibiotics, it was deduced that the St, Te and Ne resistance 
determinants of strain 180 were travelling together on one plasmid.
DISTRIBUTION AND FREQUENCY OF THE C.T, 3A S S S R S STRAINS
IN LONDON
Area No. of cases % of total
Hackney
Hammersmith
Islington
Maidstone
Southwark
Tooting
Tower Hamlets
Westminster
i
1
3
1
1 V 
1
20
7
5
2.56
f
7.69 [
1
2.56 j
■i
2.56 |
I
2.56 1 
51.28 
17.95 
12.82
TABLE 3R

KEY - C.T. 3A S S S R S strains
% Isolation
11 Islington 2.56
12 Hackney 2.56
17 Westminster 12.82
18 Tower Hamlets 17.95
19 Hammersmith 7.69
23 Tooting (in Wandsworth) 51.28
25 Southwark 2.56
(Maidstone - 2.56% - not included on map)
TIME DISTRIBUTION OF C.T, 3A S (R) (R) R (R) AND 
C.T. 3A S S S R S STRAINS
Quarters of the 
year C.T.3A S(R)(R) R (R) 
Isolates % total
C.T. 3A S 
Isolates
S S R S 
% total
1st 8 7.41 0 0
2nd 15 13.89 2 5.13
3rd 30 27.78 9 23.08
4th 55 50.92 28 71.79
TABLE 4R
1.2. Determination of the rate of transfer of eight C.T. 3A 
strains.
Eight C.T. 3A strains, chosen at random from the London 
isolates during 1972, were mated with K12 and counts were made 
on control, St, Te, Ne and *Allf grey media to determine the 
rate of transfer of the plasmid carrying the three resistance 
determinants.
Per cent.rate of transfer = Count on antibiotic medium x 100
Count on control medium
(Table 51?) .
Two different rates of transfer were seen for each of the 
antibiotics, a very efficient rate (strains Lab. Nos. 5876, 
6747, 6024, 9972) and a much reduced transfer rate (strain 
Lab. Nos. 12561, 11097, 11446, 11726). Hence, despite the 
fact that all the eight Sh. sonnei strains were C.T. 3A and 
showed a sensitivity and transfer pattern of S (R) (R) R (R), 
there was a difference in the transfer kinetics to K12, which 
may be of some epidemiological significance. The efficient 
transferrers appeared to occur during the third quarter of 
the year with a much reduced transferring strain predominating 
during the winter months.
1.3. Determination of the Minimum Inhibitory Concentrations 
of eight C.T. 3A strains to St, Te and Ne.
The same eight strains used for the rate of transfer 
experiment were tested for their St, Te and Ne M.I.C.s. The 
progeny of the same strains mated with K12 were tested at 
the same time. (Table 6R).
The experiment showed that for each antibiotic the eight
Per Cent, rate of transfer of the C.T. 3A plasmid conferring
resistance to St, Te and Ne.
Strain
No.
% rate of transfer
St medium Te medium Ne medium •All* medium
5876 3.68 8.42 26.31 15.42
6747 2.85 9.29 21.40 2.50
6024 8.75 13.50 12.50 2.50
9972 4.00 21.00 10.00 4.00
12561 0.02 0.08 0.15 0.006
11097 0.01 0.02 0.03 0.07
11446 0.01 0.08 0.05 0.06
11726 0.04 0.01 0.04 0.01
TABLE 5R
Minimum Inhibitory Concentrations of eight C.T. 3A strains to
St, Te and Ne.
Strain No.
Minimum Inhibitory Concentration /U-g./ml.
Streptomycin Tetracycline Neomycin
5876 62.5 15 >1,000
5876 x K12 15 62.5 >1,000
6747 62.5 15 >1,000
6747 x K12 31 125 >1,000
6024 62.5 15 >1,000
6024 x K12 15 62.5 >1,000
9972 62.5 15 >1,000
9972 x K12 15 62.5 >1,000
12561 62.5 15 >1,000
12561 x K12 31 125 >1,000
11097 62.5 15 >1,000
11097 x K12 31 125 >1,000
11446 62.5 15 >1,000
11446 x K12 31 125 >1,000
11726 62.5 15 >1,000
11726 x K12 31 125 >1,000
TABLE 6R
strains exhibited no difference in the M.I.C.s. Although an 
end point for the neomycin M.I.C. had not been reached, i.e. 
>1,000^ag./ml. of Ne, for the Sh. sonnei strain and the 
Sh. sonnei x K12 strain, it was assumed that the M.I.C.s for 
this antibiotic were similar for each strain.
1*4* Superinfection experiments.
The 108 C.T. 3A Sh. sonnei strains were mated with the 
standard recipient strains, Nos. 1 - 15, and K12 as a control; 
each of the standard strains showing sensitivity to at least 
one of the incoming resistances.
The mating mixtures were plated on St, Te, Ne and ’All* 
media and the resulting growth recorded. Where a strain 
showed only low frequency of transfer to K12, it proved im­
possible to determine-whether the plasmid had been accepted 
by the standard recipients. Such strains were recorded as 
'L.T.* (low transfer).
For strains which transferred efficiently to K12, the 
growth obtained by mating with the standard recipient strains 
was assessed. Growth equivalent to or slightly less than that 
obtained with K12 was regarded as showing that the incoming 
plasmid had been accepted by the recipient; growth of ten 
colonies or less indicated that exclusion had occurred.
Theoretically the medium containing all the antibiotics 
might have been expected to give a definitive result since the 
incoming plasmid conferred resistance to St, Te and Ne. How­
ever, it was found useful to confirm the result on •All'
medium by comparing it with media containing a single anti­
biotic. The results on media containing an antibiotic to 
which the recipient was resistant were, of course ignored.
Table 7R shows the exclusion patterns for all the 108 
C.T. 3A strains. The table is arranged showing an area dis­
tribution of the strains and within each area, a time distri­
bution (the higher strain numbers were isolated later in the 
year). The different types of exclusion patterns and the 
frequency at which they occurred are shown in Table 8R.
These results indicated that the strains showing 
exclusion to the No. 6 standard recipient only, were the 
predominant group, i.e. 49.07 per cent. The low transfer 
strains also represented a large proportion of the population,
i.e. 38.89 per cent. Those showing other exclusion patterns 
or no exclusion at all accounted for only a small fraction of 
the London C.T. 3A isolates.
A time distribution was carried out, irrespective of the 
area of isolation, to demonstrate if either the No. 6 exclusion 
pattern strains or the low transfer strains dominated any of 
the quarters of the year (Table 9R and Table 10R).
No. 6 strains formed the majority of the population in 
the first and third quarters, whereas the low transfer strains 
dominated only the second quarter. During the last quarter 
of the year, which showed the greatest isolation of C.T. 3A 
strains, both strains were present in almost equal numbers.
Separating the No. 6 and the lo\* transfer strains from 
the 108 C.T. 3A S (R) (R) R (R) cases, the areas from which
EXCLUSION PATTERNS FOR THE C.T. 3A ISOLATES
Strain
No.
Area Excluding
Strain
180 6
551 6
3343 L.T.
4928 6
5290 6
5744 ) Hackney No exclusion
5876 ) including 6
6746 ) St. John *s 6
6747 ) D/N 6
7047 6
7354 6
8548 L.T.
10883 6
11054 L.T.
11172 6
2572 6
5302 No exclusion
5898 L.T.
5973 6
5982 6
6024 / — * 6
6546 6,8
6841 6
8148 6
8652 L.T.
S386 6
9755 No exclusion
9831 6
9875 ) Hammersmith 6
9966 ) .. ... 6
9972 6
9979 6
10129 6
10308 6
10314 L.T.
10323 6
10431 6
10477 6
10691 6
11679 2,3,5,6,7,8,
10,11
12099 L.T.
12165 6
12509
.. ... . ‘ / .
L.T.
TABLE 7R
Strain
No.
Area Excluding
Strain
12561 L.T.
12564 L.T.
12642 ) Hammersmith L.T.
12699 6
13171 L.T.
3465 3,6,9,12
4089 6
5420 L.T.
5506 L.T.
5582 L.T.
6040 L.T.
6146 L.T.
6153 L.T.
6154 6
6156 L.T.
6419 6
7178 ) Islington 6
7753 ) including 6
10628 ) Springdale 6
11097 ) D/N L.T.
11100 No exclusion
11101 6
11233 L.T.
11235 L.T.
11446 L.T.
11726 L.T.
12005 6
12141 6
12494 L.T.
12535 6
13043 6 ,11,12
6 6
597 No exclusion
2006 6
5602 ) Lambeth L.T.
6488 6
9077 L.T.
9146 L.T.
2743 L.T.
3273 6,7
8537 L.T.
9026 L.T.
10946 * C W I T L.T.
10949 V O t t l Y L.T.
10951 L.T.
11104 L.T.
11383 L.T.
12977 L.T.
TABLE 7R (contd)
Strain
No.
Area Excluding
Strain
188 ) 6
5681 ) L.T.
6445 ) Tooting 6
6446 ) including 6
6895 ) St.Georges L.T.
8066 ) L.T.
8636 ) No exclusion
6200 ) L.T.
9660 ) 6
9811 ) Tower Hamlets 6,9,11
10029 ) 6
11966 ) 6
132 Bexley No exclusion
11623 ) Camden 6
12840 ) including NW3 L.T.
9810 GLC 6
4 Wandsworth 6
TABLE 7R (contd)
EXCLUSION PATTERN FREQUENCY OF THE C.T. 3A STRAINS
Exclusion pattern No. of isolates % of total
No, 6 only 53 49.07
Low transfers 42 38.89
No, 6 and 1, 2 
and 3 other 
standard 
recipients
4 3.70
No. 6 and >3 
other standard 
recipients
2 1.86
No exclusion 7 6.48
TABLE 8R
TIME DISTRIBUTION OF THE C.T. 3A STRAINS, SHOWING THEIR
EXCLUSION PATTERN
Strain Excluding Strain Excluding
No. Strain No. Strain
( 4 6 6895 L.T.
( 6 6 7047 6
( 132 No exclusion 7178 6
( 180 6 7354 6
( 188 6 7753 6
( 551 6 8066 L.T. ) 3
( 597 No exclusion 8148 6
(2006 6 8537 L.T.
(2572
(2743
(3273
A 8548 L.T.D
L.T.
6,7
8636 No exclusion
8652 L.T.
(3343 L.T. 9026 L.T.
(3465 3,6,9,12 9071 L.T.
(4089 6 9146 L.T.
(4928 6 9386 6
(5290 6 9660 6
(5302 No exclusion 9755 No exclusion
(5420 L.T. 9810 6
(5506 L.T. 9811 6,9,11
(5582 -L.T. 9831 6
(5602 L.T. 9875 6
(5681 L.T. 9966 6
(5744 No exclusion 9972 6
(5876
(5898
(5973
(5982
(6024
(6040
(6146
(6153
(6154
(6156
(6200
(6419
(6445
(6446
(6488
(6546
(6746
(6747
(6841
6
L.T.
6
L.T.
A
9979
10029
10129
10308
10314
6
6
6
6
L.T.
) 4
6
L.T.
L.T.
6
L.T. —  
L.T.
A
10323
10431
10477
10628
10691
10883
10946
8
6
6
6
6
6
L.T.
O
A 10949 L.T.O
A 10951 L.T.O
A 11054 L.T.O
6,8
6
6
6
11097 L.T.
11100
11101
11104
11172
No exclusion 
6
L.T.
6
TABLE 9R
Strain
No.
Excluding
Strain
Strain
No.
Excluding
Strain
CL**
(11233 L.T. 12165 6 )
(11235 L.T. 12494 L.T. )
(11383 L.T. 12509 L.T. )
(11446 L.T. 12535 6 )
(11623 6 12561 L.T. )
A (11679 2,3,5,6,7, 12564 L.T. ) 4ft
( 8,10,11 12642 L.T. ) 4
(11726 L.T. 12699 6 )
(11966 6 12840 L.T. )
(12005 6 12977 L.T. )
(12099 L.T. 13043 6 ,11,12 )
(12141 6 13171 L.T. )
TABLE 9R (contd)
TIME DISTRIBUTION OF THE No. 6 AND THE LOW TRANSFER STRAINS
1st quarter 
(8 isolations)
2nd quarter 
(15 isolations)
3rd quarter 
(30 isolations)
4th quarter 
(55 isolations)
No. 6 strains L.T. strains
No. of No. of
isolates % total isolates % total
6 11.32 0 0
4 7.55 7 16.67
17 32.08 11 26.19
26 49.05 24 57.14
TABLE.-10R
they were isolated and the frequency at which this occurred 
are shown in Table H R .
The No. 6 strains seemed to predominate in Hackney, 
Hammersmith, Tower Hamlets, GLC and Wandsworth, while the 
areas of Islington and Southwark showed the low transfer 
strains to be present in the greatest numbers. Lambeth, 
Tooting and Camden had equal isolations of both the No. 6 
strains and the low transfer strains.
The location of these areas included in Table 11R and 
the frequency at which the No. 6 strains and low transfer 
strains occurred are shown in Figure 3R.
A selection of other C.T. 3A strains, sent to the Guild­
ford Laboratory from London and different parts of England 
and Wales in 1972, 1973 and 1974 (Table 2M), were tested in 
the same way (Table 12R). This was to investigate whether 
the outbreak in London in 1972 was caused by a strain carry­
ing a particular plasmid or plasmids found only in this area 
or whether the plasmid found in the London C.T. 3A strains was 
common to all C.T. 3A S (R) (R) R (R) strains.
Table 12R shows that the exclusion pattern to the No. 6 
strain only, gave the highest exclusion rate, i.e. 43*85 per 
cent., with the low transfer strains being responsible for 
only 29.83 per cent, of the total. Exclusion to No. 6 + 
other standard recipients showed 8.78 per cent, of the total 
and to strains other than the No. 6 strain, 5.26 per cent.
No exclusion was seen in 12.28 per cent, of the strains.
Although the area over which these strains were tested
AREA DISTRIBUTION OF THE No. 6 AND THE LOW TRANSFER STRAINS
No. 6 strains L.T. strains
Area Isolates % total Isolates % total
Hackney 11 73.33 3 20.00
Hammersmith 21 63.64 9 27.27
Islington 9 34.62 13 50.00
Lambeth 3 42.86 3 42.86
Tooting 3 42.86 3 42.86
Southwark 0 9 90.00
Tower Hamlets 3 60.00 1 20.00
Camden
(including NW3)
1 01 o • o o 1 50.00
GLC 1 100.00 0 0
Wandsworth -1 100.00 0 o
TABLE H R
HAP OF-LONDON SHOWING THE AREAS AND THE FREQUENCY OP
ISOLATION OP THE NO. 6 STRAINS
FIGURE 3R
/
KEY - No. 6 excluding strains.
1. GLC
10 Camden 
(including NW3)
11 Islington
12 Hackney-
18 Tower Hamlets
19 Hammersmith
23 Wandsworth 
(including Tooting)
24 Lambeth
% Isolations 
100.00
50.00
34.62
73.33
60.00 
63.64
100.00
42.86
MAP OF LONDON SHOWING THE AREAS AND THE FREQUENCY OF
ISOLATION OF THE LOW TRANSFER STRAINS
04
C\l
CO04 CM
CM
CMI
FIGURE 3R
KEY - Low transfer strains*
10 Camden 
(including NW3)
11 Islington
12 Hackney
18 Tower Hamlets
19 Hammersmith
23 Tooting (in Wandsworth)
24 Lambeth
25 Southwark
% Isolations
50.00
50.00
20.00 
20.00 
27.27
42.86
42.86 
90.00
EXCLUSION PATTERNS OF A SELECTION OF OTHER C.T. 3A STRAINS
ISOLATED IN ENGLAND AND WALES
Strain No, Area ExcludingStrain
C73/18 Whipps Cross - Raynham Rd. L.T.
19 ti 6
20 ti 6
21 ii L.T.
22 Whipps Cross - Eldon Rd. 6
24 ii 6
25 ii 6
26 ii No exclusion
28 ii 6
30 Whipps Cross — Latymer Rd. 6
31 Croyland Rd. L.T.
32 Prince of Wales 6,9,10,11
33 Brettenham Rd. 6,7
34 St.Mary’s Nur. L.T.
35 Whipps Cross - Forestreet Nur. L.T.
36 ii L.T.
37 ii L.T.
38 ii 3,6,11
112 Whipps Cross - Croyland Sch. L.T.
113 ii L.T.
114 ti 6
115 ii L.T.
116 t» 6
117 ti 6
118 ii No exclusion
119 ii 6
121 Whipps Cross - Eldon Rd. Sch. 6
124 it 6
125 ii No exclusion
TABLE 12R
Strain No* Area Excluding
Strain
C72/128 Whipps Cross - Eldon Rd. Sch. 6,11
129 Whipps Cross - Forestreet Nur. 7,10,11,15
130 it tt 3,6
!31 ft it" L.T.
132 it it 6
133 ii it L.T.
134 it it 3
136 Whipps Cross - Tottenhall Sch. No exclusion
137 ” All Saints Sch. L.T.
139 11 Brettenham Rd. S. 6
140 11 Raynham Rd. Sch. 6
141 f* Cuckoo Hall Sch. 6
142 Hammersmith Hosp. W 12 6
143 it ii
.
L.T.
144 it ir 6
150 Guildford No exclusion
151 St.Bartholomews Hosp. E C l No exclusion
171 Willesden Gen. Hosp. 6
172 it ii 6
173 it ii 6
174 ii it No exclusion
226 St.Bartholomews Hosp. E C 1 3,4,7,8,9,10,
11,12
229 Dulwich Hosp. L.T.
261 Aberdeen 6
267 Royal Northern Hosp. 6
C73/233 St.Bartholomews Hosp. E C 1 L.T.
C74/245 Llandough Hosp. L.T.
271 St.David's Hosp. Cardiff 6
TABLE 12R (contd)
was rather limited (due to the availability of strains sent 
to the Guildford Laboratory), the same patterns of exclusion 
occurred with the dominance of the Id type of plasmid (the 
type of plasmid present in the No. 6 standard recipient) and 
the low transfer strains in these C.T. 3A S (R) (R) R (R) 
strains. However, with this selection of strains, it was the 
strain with the Id plasmid which was more common than the low 
transfer strain, showing a 14 per cent, greater isolation rate.
Finally, the ability of the No. 6 standard strain to act 
as a recipient was investigated, using a selection of the re­
maining Sh. sonnei strains (not the typical C.T.3A S (R) (R) R (R) 
strains) isolated in London in 1972. These strains showed a 
great variation in their colicine type, their sensitivity 
pattern and their transfer pattern. This investigation was to 
see whether the No. 6 plasmid, i.e. Id plasmid, was common to 
only the C.T. 3A strains or was present in other Sh. sonnei 
strains (Table 13R and Table 14R).
Thus it would appear that this Id plasmid not only accepted 
as -it&s host the C.T. 3A strains but a large variety of strains 
with differing colicine, sensitivity and transfer patterns. 
Exacting strains were also shown to carry this plasmid.
The three strains showing no exclusion to No. 6, i.e.
Strain Nos. 228, 9449, and 8356, were tested against the other 
fourteen standard recipient strains and showed no exclusion.
Two further outbreaks of Sh. sonnei dysentery were investi­
gated in this present study to see whether plasmids of other 
compatibility groups were present in the organism.
TESTING THE ABILITY OF THE NO, 6 STANDARD STRAIN TO ACT AS A 
RECIPIENT, USING A SELECTION OF SH. SONNEI STRAINS (NOT THE 
TYPICAL C.T. 3A STRAINS) ISOLATED IN LONDON IN 1972
Strains Sensitivity Colicine Area
Excluding
Strains
3691 (R) (R) S (R+) S 0 Camden 6
1107 S (R) S R (R) 3A )Hackney Low
transfer
6745 S (R) (R) R (R) 4 6
86 6
261 6
) (R) (R) (R+) S S ) 0
332 6
1092 ) 6
Ext. to Phenvl Alanirle ) Hammersmith
2384 (R) (R) S (R) S 0 Low
transfer
9981 (R) (R) (R) R (R) 3A 6
12787 ) S (R) (R+) R (R) ) 3A Low
transfer
13101 6
4771 6
5078
)
) 6
5553
)
6
) S (R+)(R) S (R) ) 4
5730 )lslington 6
5795 6
5855 6
Ex.Canary Isles ~
...-- j ~
7096 (R) (R) (R+) S S 6/11 Low
transfer
228 No
exclusion
398 Low
) (R) (R) S (R+) S ) 0 )Lambeth transfer
470 Low
transfer
717 Low
Ext. = :actin«r to -- . ... . transfer
TABLE 13R
Strains Sensitivity Colicine Area Excluding
Strains
974 (R) (R) S (R+)(R) 0 Low
transfer
2132 ) (R) (R+)(R) S (R) ) 4 6
) )
2134 ) ) )Lambeth Low
transfer
3562 ) Ext.to Phenyl Alanii Low
) (R) (R) S (R) S ) 0 transfer
3648 ) . > Low
Ext.Phenyl Alanine transfer
4878 (R) (R) S (R) S 0 Lambeth Low
transfer
833 ) ) 6
) )
6672 ) ) 6
) (R) (R+)(R) S (R) ) 4
6673 ) ) )Maidstone 6
) )
6767 ) ) 6
935 S (R+)(R+) S (R) 4 6
Ext.Phenyl Alanine
2887 (R) (R) S (R) S 0 Low
transfer
7901 ) Ext. Leucine ) 6
) s !r) S (R) (r) ) 7
7932 ) ) 6
)SWK
9530  ^ Ext. ? ) 6
) R (R) S (R) (R) ) ?
9893 ) ) 6
8378 S (R) S (R) (R) 7 ) 6
Ext.Phenyl Alanine
5273 (R) (R) S (R) S 0 Low
) ‘ transfer
6383 ) ) 6
) )
6384 ) (R) (R+)(R) S (R) ) 4 Low
) ) )Tooting transfer
8065 ) ) 6
9449 (R) (R) (R+) R (R) 0 No
exclusion
9667 (R) (R) (R+) S (R) 3A 6
8356 SXt?R) S (R) (R) 7 s m No
exclusion
9901 S (R) (R) S (R) 4 Tower 6
Hamlets
Ext, = Exacting to SWK = Southwark
TABLE 15R (contd)
EXCLUSION PATTERN FREQUENCY OF A SELECTION OF THE 1972 LONDON
ISOLATES (NOT THE TYPICAL C.T. 3A STRAINS)
Exclusion pattern No. of isolates % of total
No. 6 only 29 61.70
Low transfer 15 31.92
No exclusion 3 6.38
TABLE 14R
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2. Examination of Sh. sonnei strains (C.T. 0, (R) (R ) S (R-f) (R)) 
isolated in England and Wales in 1973, 1974 and 1975,
A total of 100 strains of Sh. sonnei, C.T. 0, sensitivity 
and transfer pattern (R)(R) S (R+)(R), were used, isolated 
mainly from an outbreak of this organism in and around the 
Luton area in 1974 and 1975. Other strains giving the same 
colicine, sensitivity and transfer pattern, but isolated else­
where in England and Wales, were included in the study to see 
whether any difference between these strains could be demon­
strated. (Table 3M).
2.1. To demonstrate that the transferable resistances of 
streptomycin, ampicillin and neomycin of the C.T. 0 
strains were transferred together on one plasmid.
Four progeny from the mating between the Sh. sonnei 
strain Lab. No. C75/53, chosen at random from the C.T. 0 
strains, and K12, at each time interval (35 minutes, 6 hours 
and overnight) and from each medium (St, Amp and Ne), were 
tested for the presence of all three resistances, St, Amp 
and Ne.
Since all the progeny showed resistance to the three 
antibiotics, it was deduced that the St, Amp and Ne resistance 
determinants of strain C75/53 were travelling together on one 
plasmid.
The sulphonamide resistance was ignored in this case as 
it was previously seen (See Materials and Methods - Section
6.3.) that this type of resistance was normally transferred 
on its own plasmid.
2.2. Determination of the rate of transfer of eight C.T. 0
strains.
Eight C.T. 0 strains, chosen at random from a variety of 
areas, were mated with K12 and counts were made on control,
St, Amp, Ne and ’All* grey media to determine the rate of 
transfer of the plasmid carrying the three resistance deter­
minants (Table 15R)•
From the results shown in Table 15R, there appeared to 
be three different rates of transfer. The first three strains, 
i.e. strains Lab. Nos. C73/149, C73/249 and C74/321, seemed 
to show a similar transfer rate and would be classified as 
good transfer strains, comparing them with the results obtained 
by the C.T. 3A transfer kinetics (See Results - Section I.2.).
The last four strains, i.e. strains Lab. Nos. C74/405, C75/12, 
C75/25 and C75/53 (isolated from Luton, St. Albans and Hemel 
Hempstead), appeared to transfer their plasmid at a reduced 
rate in comparison with the first three strains isolated from 
Cardiff, Royal Free Hospital and Otley, but would still be 
classified as good transfer strains. However, strain Lab.
No. C74/377, coming from the Luton outbreak, showed a very, 
low rate of transfer and would therefore come, under the low 
transfer strain classification. It would be interesting to 
see triiether the low transfer strains were as important in the 
Luton outbreak as they had been in the 1972 London outbreak.
Again, despite the fact that all the strains were C.T. 0 
and showed a sensitivity and transfer pattern of (R)(R) S (R+)(R), 
there was a difference in the transfer kinetics between these 
strains.
Per Cent, rate of transfer of the C.T. 0 plasmid conferring
resistance to St, Te and Ne.
Strain
No.
% rate of transfer
St medium Te medium Ne medium * Alliedi urn
C73/149 28.24 31.76 21.18 18.00
C73/249 13.75 40.00 25.00 17.00
C74/321 12.09 29.66 17.69 14.17
C74/377 0.005 0.003 0.001 -
C74/405 2.6 3.1 2.2 1.5
C75/12 4.75 6.83 5.85 3.90
C75/25 2.83 3.43 3.13 1.04
C73/53 2.94 2.82 1.05 1.41
TABLE 15R
2.3. Determination of the Minimum Inhibitory Concentrations
of eight C.T. 0 strains to St, Amp and Ne.
The same eight strains used for the rate of transfer 
experiment were tested for their St, Amp and Ne M.I.C.s.
The progeny of the same strains mated with K12 were tested 
at the same time (Table 16R).
The experiment showed that for each antibiotic the eight 
strains showed no great difference in the M.I.C.s. Although 
no end point was reached for the St Sh. sonnei, the Amp 
Sh. sonnei and Sh. sonnei x K12 and the Ne Sh. sonnei, it 
was assumed that the M.I.C.s for these antibiotics were 
similar for each strain.
2.4. Superinfection experiments.
The 100 C.T. 0 strains were mated with fourteen of the 
standard recipient strains and K12; each of these strains 
showing sensitivity to at least one of the incoming resistances. 
Standard strain No. 2 was omitted as it possessed the same 
resistances, i.e. St, Amp and Ne, as the incoming Sh. sonnei
plasmid (Table 17R). ___
Table 17R showed that 97 percent, of the C.T. 0 strains 
were excluded by recipient strain No. 6, i.e. were of the Id 
type of plasmid, with 2 per cent, showing no exclusion and 
1 per cent, being a low transfer strain.
It appeared that nearly all the C.T. 0 strains could be 
classified as good transfer strains, and that all of them 
possessed an Id plasmid. Perhaps all the plasmids found in 
Sh. sonnei are of this compatibility group.
Minimum Inhibitory Concentrations of eight C.T, 0 strains to
St, Amp and Ne
Strain No.
Minimum Inhibitory Concentration ^Lg./ml.
Streptomycin Ampicillin Neomycin
C73/149 >500 >1,000 >500
C73/149xK12 125 > 500 125
C73/249 >500 >1,000 >500
C73/249xK12 62.5 >500 62.5
C74/321 500 >1,000 >500
C74/321xK12 125 >500 62.5
C74/377 > 500 >1,000 >500
C74/377xK12 125 >500 62.5
C74/405 >500 >1,000 >500
C74/405xK12 125 >500 125
C75/12 >500 >1,000 > 500
C75/12xK12 125 >500 62.5
C75/25 >500 >1,000 >500
C75/25xK12 125 >500 125
C75/53 >500 >1,000 >500
C75/53xK12 62.5 >500 62.5
TABLE 16R
EXCLUSION PATTERNS FOR THE C.T. 0 ISOLATES
Strain No. Area Excluding
Strain
C73/149 No exclusion
) Cardiff PHL
150 ) 6
173 Stafford 6
241 ) 6
) Cardiff PHL
242 ) 6
249 Royal Free Hospital 6
C74/63 Wigan 6
320 ) Otley 6
321 I 6
354- j
357 ) 6
359 S Hemel Hempstead 6
360 | 6
364 ) 6
368 ) 6
369
/
6
372- 377 - L.T.
394 ) 6
< Luton
397 < 6
399 j 6
400 | 6
402- )
408 ) 6
412-
415 j 6
417- ) 417 - No
) Hemel Hempstead exclusion
420 j C74/429 from 6
426- J St. Albans
429 6
435- 1
439 ) 6
C75/7
)
6
TABLE 17R
Strain No. Area Excluding
Strain
C75/9 6
11-
16 ) 6
18- ; Luton
25 ) 6
35- )
37 ) 6
43 ). 6
45- ) '
48 )\ 6
53 ) 6
54
| Hemel Hempstead
6
56 } 6
57 ) 6
62-
64 Sunderland 6
TABLE 17R (contd)
A third and final dysentery outbreak due to Sh. sonnei 
was investigated to see whether the Id plasmid was universal 
throughout this dysentery organism. This particular outbreak 
occurred in and around the Aberdeen area, in Scotland in 1973 
and 1974.
3. Examination of Sh. sonnei strains (C.T. 4, (R)(R+)R(R)R) 
isolated in Aberdeen in 1973 and 1974.
One hundred and forty two strains of Sh. sonnei were
isolated in and around Aberdeen and were investigated, as
before, to see whether these isolates showed the typical
No. 6 exclusion pattern or whether the plasmid carrying the
St and Amp resistance determinants belonged to a different
compatibility group (Table 4M).
3.1. To demonstrate that the transferable resistances of 
streptomycin and ampicillin of the C.T. 4 strains 
were transferred together on one plasmid.
Four progeny from the mating between the Sh. sonnei 
strain Lab. No. C73/130, chosen at random from the C.T. 4 
strains, and K12, at each time interval (35 minutes, 6 hours 
and overnight) and from each medium (St and Amp), were tested 
for the presence of the two resistances, St and Amp.
Since all the progeny showed resistance to both anti­
biotics, it was deduced that the St and Amp resistance deter­
minants of strain C73/130 were travelling together on one 
plasmid.
The sulphonamide resistance was again ignored.
3.2. Determination of the rate of transfer of eight C.T. 4
strains.
Eight C.T. 4 strains, chosen at random from the Aberdeen 
isolates, were mated with K12 and counts were made on control, 
St, Amp and *A11* grey media to determine the rate of transfer 
of the plasmid carrying the two resistance determinants 
(Table 18R).
From the results shown in Table 18R, it can be seen that 
the rate of transfer was very low for each of the eight strains.
3.3. Determination of the Minimum Inhibitory Concentrations
of eight C.T. 4 strains to St and Amp.
The same eight strains used for the rate of transfer 
experiment were tested for their St and Amp M.I.C.s. The 
progeny of the same strain mated with K12 were tested at the 
same time (Table 19R).
Again, the M.I.C. experiment demonstrated that for each 
antibiotic, the eight strains showed no apparent difference.
The M.I.C.s for the St Sh. sonnei and Sh. sonnei x K12, and 
for Amp Sh. sonnei x K12 were assumed to be similar.
3.4. Superinfection experiments.
The 142 Aberdeen C.T. 4 strains were mated with thirteen 
of the standard strains and K12; Nos. 2 and 11 were omitted 
as they possessed the same resistances, i.e. St and Amp, 
as the incoming Sh. sonnei plasmid (Table 20R).
A different situation was seen with the Aberdeen outbreak. 
None of the strains demonstrated the Id type of plasmid as had 
been the case with the C.T. 3A strains, the C.T. 0 strains 
and the random selection of strains isolated in London in 1972
Per cent, rate of transfer of the C.T. 4 plasmid conferring
resistance to St and Amp.
Strain No. % rate of transfer
St medium Amp medium •All* medium
C73/106 0.0219 0.0120 0.0109
C73/155 0.0047 0.0068 0.0057
C73/199 0.0050 0.0059 0.0040
C73/298 0.0040 0.0070 0.0057
C74/2 0.0002 0.0005
C74/10 0.0054 0.0050 0.0028
C74/41 0.0032 0.0046 0.0044
C74/170 0.0121 0.0147 0.0126
TABLE 18R
Minimum Inhibitory Concentrations of eight C.T. 4 strains to
St and Amp,
Strain No.
Minimum Inhibitory Concentration/JLg./ml.
Streptomycin Ampicillin
C73/106 >500 250
C73/106xK12 >500 >500
C73/155 >500 250
C73/155xK12 >500 >500
C73/199 >500 250
C73/199xK12 >500 >500
C73/298 >500 250
C73/298xK12 >500 >500
C74/2 >500 250
C73/2xK12 >500 >500
C74/10 >500 250
C74/10xK12 >500 >500
C74/41 >500 250
C74/41xK12 >500 >500
C74/170 >500 250
C74/170xK12 >500 >500
TABLE 19R
EXCLUSION PATTERNS OF THE C.T. 4 ISOLATES
Strain No. Area Excluding
Strain
No.
C73/81 )\ 7
106- 1
127 7
128 7,10
129- )
136 j 7
137 12,13
138 1 7
139 7
152 6,8,13
153 ) 3,4,6,7,8,
12,13,14,15
154 6,7,12,13
155 3,4,7,8,12,
j Aberdeen 13,15
156 < 7
157 7,8,9,15
158 | 6,7,8,9,15
159 7
160 | 7,13,15
161 No exclusion
162- )
169 ) 7
182 7,15
183 7
184 1 7,10
185 7,15
186 7,13
188 7
189 J 7
TABLE 20R
Strain No. Area Excluding
Strain
No.
C73/190 ) 7,14
191- < Aberdeen
193 7
199 j 3,4,6,7,8,9,
10,12,13
200 Kincardineshire 7
201- X
203 ) 7
205 No exclusiony Aberdeen
208
)
7
209
J
) 7
217 Aberdeenshire 3,7,10
267 ) 7
269 ) 7
270 | 3,7
271- i
273 < 7
274- j
276 < Aberdeen 3,7,10
277- <
282 ) 3,7
283 j 3,7,10
287 | 3,7,10
288- |
297 3,7
298 ) Aberdeenshire \ 3,7,
299 1 3,7
300 ) ' ~  ...~ " 3,7
301 ] 3,7,10,13
302 { 3,7
) Aberdeen
341 j 3,7,10
343
)
3,7
350 3,7,10,13
TABLE 20R (contd)
Strain No* Area Excluding
Strain
No.
C73/375 > 3,7,10
376 ) Aberdeen 3,7
380 ) 3,7
381 Aberdeenshire 3,7
382
383
| Aberdeen
3,7
No exclusion
384 Aberdeenshire 3,7
385 ) 3,7
C74/1
/
No exclusion
2-4 | 3,7
6-8 ) Aberdeen 3,7
0
10
3.7.9.10.13 
14
3.7.9.10.14
11 ) 3,7,9,10,14
32 Huntly 3,7,8,9,10,
14,15
33 ' ) 
)
3,7,8,9,10,
13,14,15
35
]
)
3,7,8,9,12,
13,14,15
36 )
) Aberdeen
3,5,7,9,10,
13,14
-  37 3,7,8,9,10,
13,14,15
38 3,7,8,9,10,
12,13,14,15
40
> ' ' ....
3,7,8,9,10,
14
41
43
| UDNY 
)
No exclusion
3,4,7,8,9,10
12,13,15
169 ) 3,7
170 ) Aberdeenshire 3,7,13,15
171 ) No exclusion
TABLE 20 R (contd)
Strain No, Area Excluding
Strain
No,
C74/174
175
176
177
No exclusion
3.7.9.10.13 
15
3.7.9.10.13 
15
3,7,9,10,12,
13,15
TABLE 20R (contd)
and other areas of England and Wales in 1972, 1973 and 1974, 
Table 20R shows the strains in time sequence. There was an 
initial predominance of exclusion to the No. 7 recipient, 
indicating the presence of a Type K plasmid, with the emer­
gence of a plasmid which was excluded by No. 3 and No. 7 
recipient strains, i.e. Type A and K plasmid, respectively, 
after the middle of 1973. Other exclusion patterns were also 
seen (Table 20R and 21R).
EXCLUSION PATTERN FREQUENCY OF THE C.T. 4 STRAINS
Exclusion pattern No. of isolates % of total
Excluded by 
No. 7 only 60 42.25
Excluded by 
Nos. 3 and 7 
only
35 24.65
Excluded by 
1-3 strains 
(other than 
No. 7 or 
Nos.3 and 7
17 11.97
Excluded by 
> 3  strains 23 16.20
No exclusion 7 4.93
TABLE 21R
D I S C U S S I O N
DISCUSSION
Shigella sonnei is a single species, and cannot be sub­
divided by serology* It is the commonest and only endemic 
dysentery at present in England. Small- or medium-sized out­
breaks occur fairly frequently. To understand the epidemiology 
of the disease and to initiate measures for its control, it is 
necessary to determine whether strains isolated from different 
episodes in a locality over a period of time are the same or 
different. A number of ways in which strains may be differ­
entiated will be discussed.
1. Colicine typing.
Colicine typing, described by Abbott and Shannon (1958) 
and Abbott and Graham (1961) is widely used for tracing Sh. 
sonnei epidemiologically, but this method alone may be very 
limiting, as shown by the experience in Enfield, North London, 
when for many years a large proportion of the strains had been 
non-colicinogenic, that is of C.T. 0 (Thomas and Tillett, 1973).
In this study of strains isolated in the London area in 
1972, nine different colicine types were found. C.T. 3A strains 
formed the predominant group, representing 50.65 per cent, of 
the total. Other colicine types included C.T. 0 (17.22 per 
cent.) the next most common group, C.T. 7 (10.72 per cent.),
C.T. 6/11 (9.74 per cent.) and C.T. 4 (9.74 per cent.), with 
the remaining four different colicine types, namely C.T. 2, 8, 9 
and 13, being responsible for only six of the 308 cases of 
dysentery examined.
Farrant and Tomlinson (1966) examined strains of 
Sh. sonnei derived from 9,419 incidents of Sonne dysentery in 
the London area between October 1956 and March 1965 for their 
colicine type. The strain most commonly isolated at that time 
belonged to C.T. 0, accounting for nearly half the isolates.
Five other colicine types, namely C.T. 2, 3, 4, 7 and 13 were 
responsible for 4,760 incidents, with other colicine types 
causing 7 per cent, of the remainder.
These two surveys help to illustrate the large diversity 
of colicine types present in the London area between 1956 and 
1965, and later in 1972. It is not surprising that so large 
a number of types was found in an area such as London, as con­
siderable population movement occurs. It also helps to demon­
strate how different colicine types can dominate a population 
for a period of time and then die out, to be outnumbered by 
another strain. This can be seen in the predominance of the 
C.T. 0 strain between the years 1956 and 1965, with the appear­
ance of the C.T. 3A strain to form the commonest type in 1972.
Colicine typing is of great value for those strains which 
do not possess any resistance to antibiotics and is the only 
method available for subdividing-these strains. However, for 
those isolates having resistance determinants to the various 
antibiotics and perhaps showing the ability to transfer their 
resistance, colicine typing forms only the initial epidemiological 
classification.
2. Antibiotic resistance patterns.
Further characterization of strains of Sh. sonnei by deter­
mining their antibiotic sensitivities would provide further in­
formation on the spread of Sonne dysentery. The antibiotic 
resistance of Sh. sonnei is of interest for a number of reasons. 
The clinician is concerned with treatment of the acute case and 
also of the symptomless excretor. Should he use antibiotics at 
all? If so, which? The epidemiologist can trace the spread 
of particular strains in his area, using a combination of drug- 
resistance patterns and colicine types to characterize a strain. 
The bacterial geneticist, interested in the problems of acquired 
antibiotic resistance, has in Sonne dysentery a ready-made 
working model to observe and test his hypotheses.
In the London study, it can be seen that the nine original 
groupings, determined by colicine typing, have been further 
subdivided by their antibiotic resistance patterns. For example, 
within the single group of C.T. 3A isolates, nine different 
types were identified, each having a different sensitivity 
pattern to the five antibiotics, sulphonamide, streptomycin 
(high and low level), tetracycline (high and low level), ampi- 
cillin (high and low level) and neomycin. Taking account of 
the fact that some strains were exacting for specific amino 
acids, the C.T. 0 strains demonstrated 20 different sensitivity 
patterns.
Hence, the 1972 London isolates, originally thought to 
comprise only nine groups, were seen, on the basis of antibiotic 
sensitivities, to form a greater variety of types. Instead of
only the nine episodes of Sonne dysentery occurring in London, 
and thus only nine sources responsible for the outbreaks, the 
situation has become more complex.
Numerous epidemics of multiple drug resistant Sh. sonnei 
have been observed by many workers throughout the world, for 
example, in the United Kingdom (Gillies, 1964), France (Szturm- 
Rubinsten, 1968), Japan (tfatanabe, 1963a), the Hawaiian Islands 
(Lewis £t al., 1972) and Iran (Badalian and Tavakoli, 1976). 
Badalian and Tavakoli (1976) observed that the incidence of 
resistance to antibiotics among Sh. sonnei strains isolated on 
the Central Plateau of Iran during 1962 and 1974 was approxi­
mately 60.9 per cent., while in the Caspain littoral during 
1966-1972, only 33.3 per cent, were resistant. In other 
countries, incidence has varied widely: in 1967 in England,
59 per cent, of Sh. sonnei examined were multiple drug resistant 
(Davies et al., 1968b), in the United States the range of inci­
dence was 15-25 per cent. (Farrar and Edison, 1971),. in France 
15.7 per cent. (Szturm-Rubinsten, 1968) and in Japan 50 per 
cent. (Watanabe, 1966b).
2.1. Minimum Inhibitory Concentration determination.
An extended examination of antibiotic resistance, i.e. 
the determination of the M.I.C.s to the four antibiotics (St,
Te,, Amp and Ne - Su resistance was ignored for the Luton and 
Aberdeen strains), was found to be of value in the further 
labelling of strains of Sh. sonnei in epidemiological studies.
It was shown by Davies et al. (1968a) that strains from epidemio- 
logically related incidents were seen to have the same pro­
perties.
M.I.C. determinations were carried out on eight strains 
chosen at random from each of the three areas, the London C.T.3A 
S (R) (R) R (R) outbreak, the Luton C.T. 0 (R) (R) S (R+) (R)
outbreak and the strains from the Aberdeen outbreak, C.T. 4 
(R) (R+) R (R) R. The M.I.C.s of the transferable resistance 
were determined for the Sh. sonnei strains and for the K12 
progeny of the Sh. sonnei x K12 mating.
Within each outbreak, the strains gave similar results 
with the appropriate antibiotics (Davies et al., 1968a), but 
differences were seen when the M.I.C.s for each of the anti­
biotics of the three outbreaks were compared. The streptomycin 
resistance demonstrated in the Sh. sonnei isolates was 
62.5^ULg./ml. for the London C.T. 3A strains, with a higher 
value of >500^Ug./ml. for the Luton and Aberdeen isolates.
When this resistance was transferred to K12, three different 
values for the streptomycin M.I.C. were seen, 15-31 ftg./ml. 
for the London strains, 125 yu-g./ml. for the Luton strains and 
a much higher value of >500ymg./ml. for the Aberdeen isolates.
Transferable resistance to tetracycline was found only in 
the London C.T. 3A strains: the level was 15 ^ tg./ml. in
Sh. sonnei and 62.5 yu.g./ml. in Sh. sonnei x K12 progeny.
Two different levels of ampicillin resistance in the 
Sh. sonnei were exhibited by the Luton and Aberdeen strains, 
namely, > lOOOyug./ml. and 250^Ug./ml., but when the resis­
tance was transferred to K12, the levels of resistance to 
ampicillin were the same for both sets of strains, i.e.
> 500 /Lg./ml.
Finally, the neomycin resistance, found in the London and 
the Luton strains, was tested. The London strains had M.I.C. 
of 1000 g./ml. in Sh. sonnei and 1000 g./ml. in Sh.sonnei 
x K12 progeny, whereas the Luton strains had lower M.I.C.s - 
500 g./ml. in Sh. sonnei and 125 g./ml. in Sh. sonnei x K12 
progeny.
Badalian and Tavakoli (1976), in an epidemiological study 
of bacillary dysentery, examined a variety of different 
Sh. sonnei strains for their M.I.C.s, and found in each case 
a great variation in their values for the different antibiotics 
tested. Their results were in accordance with the values ob­
tained in the present study, with a few exceptions. The level 
of streptomycin in the Aberdeen Sh. sonnei x K12 strains gave 
a higher value than that obtained by the workers in Iran, with 
the tetracycline M.I.C. value for the London C.T. 3A Sh. sonnei 
strains showing a lower level of resistance. The ampicillin 
M.I.C.s of the Luton and Aberdeen strains were higher in both 
Sh. sonnei and Sh. sonnei x K12 progeny, with the exception of 
the Aberdeen Sh. sonnei isolates. The Sh. sonnei x K12 progeny 
from the London outbreak showed a higher level of neomycin 
resistance than that demonstrated by Badalian and Tavakoli (1976).
This further classification method of determining the 
M.I.C.s for each of the appropriate antibiotics has shown the 
wide range of values that can be obtained. Strains exhibiting 
Resistance* to a particular antibiotic, as defined by the 
antibiotic sensitivity test, do not necessarily have the same 
level of resistance as other strains 'resistant* to the same
antibiotic* Each resistance determinant for any one antibiotic 
may therefore be seen to confer several levels of resistance. 
Different levels are encountered even when the same resistance 
determinant is exhibited in another host, for example, E. coli, 
and these values may be higher or lower than that found in.the 
wild Sh. sonnei strain.
5. Transfer of resistance.
The Anderson and Lewis (1965a; 1965b) technique of plasmid 
transfer from one organism to another has been widely used as 
an additional method for the classification of Sh. sonnei.
In this study it was seen that a strain belonging to one 
of the colicine types and having a particular antibiotic sensi­
tivity pattern could be further subdivided on the basis of its 
ability to transfer resistance to K12. An example of this can 
be seen with the London isolates where a strain of C.T. 6/11 
and sensitivity pattern RRSSS was found to possess a transfer­
able St resistance, i.e. R (R) S S S, thus distinguishing the 
strain from those without the ability to transfer this resistance.
The 308 London isolates, on the basis of colicine typing, 
sensitivity and transfer testing, were divided into 61 different 
types, one of which, namely C.T. 3A S (R) (R) R (R), pre­
dominated in the population. Strains isolated from 35.07 per 
cent, of the dysentery cases showed this pattern and it was 
decided to concentrate upon this type and to study its epidemio­
logy and other characteristics.
Another type which formed an important group in the popu-
lation was C.T. 3A S S S R S; 12.67 per cent, of the isolates 
examined displayed this pattern. This strain was resistant to 
ampicillin but when tested for its ability to transfer this 
resistance, it was found to carry a non-transferable ampicillin 
resistance determinant. Because of this, the strain C.T. 3A 
S S S R S could not be included in the remaining investigations 
into the characteristics of transferable resistance.
The London C.T. 3A strains demonstrated transferable
resistance to St, Te and Ne and the Luton strains showed their
ability to transfer St, Amp (high level) and Ne resistance.
The Aberdeen isolates were unusual in that they possessed an 
R factor conferring transferable high level St resistance and 
transferable low level Amp resistance.
Davies et al. (1968a) showed that strains with a high level 
of resistance to streptomycin (i.e. 800 ^ U.g./ml.) did not transfer 
this resistance to K12. It has been suggested by Watanabe (1966a)
that this high level resistance was chromosomal. Badalian and
Tavakoli (1976) demonstrated that four out of ten strains 
resistant to streptomycin had M.I.C.s higher than 800/-Lg./ml. 
and their resistance was not transferable. The ability to 
transfer high level resistance tro streptomycin is uncommon in 
most parts of the world (Mitsuhashi, 1969).
In Britain previous studies (Davies et al,, 1968a;
Scrimgeour, 1966) have shown that strains of Sh. sonnei ex- 
hibited marked differences in their level of resistance to 
ampicillin. Strains with high level resistance (resistant to 
> 5 0 0 yug./ml. of Amp) were usually capable of transferring
ampicillin resistance to E. coli, whereas R factors had not 
been detected in strains exhibiting the lower levels of resis­
tance (resistant to ^  500 /J-g./ml. ) (Scrimgeour, 1966; Davies 
et al., 1970).
Smith et al. (1974) examined 24 Sh. sonnei strains, 
isolated in Auckland in 1973, for their ampicillin sensitivity 
and transfer patterns. Two kinds of resistances were found: 
low level, non-transmissible, and high level, transmissible. 
The non-transmissible type of resistance was chromosomal.
In the study in Iran, Badalian and Tavakol (1976) found 
that R-factors conferring resistance to ampicillin showed com­
plete transfer except in one case of ampicillin with an M.I.C. 
less than 500 /Jig./ml.
The ability of a ^ train to transfer any resistance can be 
used as a further aid in the subdivision of Sh. sonnei. The 
following techniques were used in this present study:-
3.1. Type of transfer - the way in which multiple resistance 
determinants were transferred, individually or combined 
with the other resistance determinants.
3.2. Rate of transfer of the plasmid.
3.3. Superinfection experiments.
3.1. Type of transfer.
Interrupted mating was used to determine whether the 
resistance determinants of the London strains (St, Te, Ne), 
the Luton strains (St, Amp, Ne) and the Aberdeen isolates 
(St, Amp) were present on one plasmid or were transferred as
individual plasmids to the recipient strain, K12.
It was seen that three different plasmids, corresponding 
to the three outbreaks, were involved in conferring the 
multiple resistances, namely, (St, Te, Ne), (St, Amp, Ne) and 
(St, Amp). This information on the way plasmids are trans­
ferred has to be obtained before rate of transfer and super­
infection experiments are performed, since it is essential to 
know whether one or more plasmids are involved for each strain 
before any definite conclusions can be drawn from the results.
3.2. Rate of transfer
Since the three outbreak strains each transferred their
resistances on one plasmid, the rates of transfer for each
resistance determinant in a strain were expected to be similar. 
This was found to be the case, but different rates of transfer 
of the combined resistance could be demonstrated. Even within 
an outbreak, different rates were observed.
The London C.T. 3A strains showed two different rates of 
transfer, an efficient rate and a much reduced transfer rate. 
The efficient rate, after overnight mating, showed transfer 
frequencies ranging from 2.85 per cent, to 26.31 per cent,
whereas the low transfer rate strains gave frequencies between
0.01 per cent, and 0.155 per cent.
Isolates from the Luton outbreak and strains from other
parts of England and V/ales showing the same colicine, sensitivi 
and transfer pattern, exhibited three rates of transfer: one
rate of transfer ranging from 12.09 per cent, to 40.00 per cent
a less efficient rate of 1.05 per cent, to 6.83 per cent.; and
a much reduced rate of 0.001 per cent* to 0.005 per cent. The 
first two rates were classified as good transfer strains tvhere- 
as the last strain demonstrated the typical 'low transfer* 
phenomenon.
The final outbreak, occurring in Aberdeen, was caused by 
a strain of C.T. 4, having a sensitivity and transfer pattern 
of (R) (R+) R (R) R. The eight randomly chosen strains all 
showed the transfer rate to be very low, i.e. 0.002 per cent, 
to 0.02 per cent.
It was claimed by Watanabe (1968) that the frequencies of
transfer of R factors were usually rather low. They were at
-1 -2 +the most 10 to 10 per R donor cell in one hour of mixed
incubation with suitable recipient bacteria. This was found
with the low transfer strains, even after overnight mating.
The frequencies of R factor transfer are assumed to be even
lower in the intestinal tract because of the presence of
inhibitory substances such as bile acids and fatty acids
(Watanabe, 1963a). The selection pressure of drugs, however,
+ • — . . .
gives a selective advantage to the R bacteria and thus the 
small number of recipient bacteria which receive the R factor 
are helped to become predominant by the presence of the drugs.
Although all the London, Luton and Aberdeen strains each 
had the same colicine, sensitivity and transfer pattern, there 
was a difference in the transfer kinetics. The frequency of 
transfer of drug resistance is the result of the interaction 
of a number of influences (Anderson, 1968):-
(a) The recipient strain - different members of the Entero-
bacteriaceae vary in their susceptibility to infection 
with a given R factor. The recipient strain in this 
case was the same for both the efficient transfer strains 
and the low transfer strains. K12 is an excellent 
recipient for R factors of widely diverse origin.
(b) The donor strain - some strains seem to be more efficient
donors than others. This character is presumably dependent, 
at least in part, on the state of the transfer factor in 
the strain concerned. This might have been the case with 
the low transfer strains where the transfer factor was 
different and less efficient compared with those strains 
showing a higher transfer rate. The nature of the linkage 
between the determinants and the transfer factor might also 
have an effect on the transfer rate. A reversible 
association between resistance determinant and transfer 
factor results in a lower rate of transfer of the com­
plete R factor than the close linkage type, in which the 
rate of transfer of the determinant is that of the transfer 
factor itself (Anderson, 1968).
The conditions under which the rate of transfer experi­
ment was performed (density of -culture, temperature, pH) were 
the same for both the efficient and low transfer strains. The 
explanation of the difference would appear to be associated 
with the donor strain, Sh. sonnei, and the transfer factor 
responsible for transferring the resistance determinants.
3.3. Superinfection experiments
■Hr>OSC.
Closely related plasmids, that is, they -are incompatible 
with each other, cannot coexist stably in the same strain.
The ability of a plasmid to enter a strain carrying another 
plasmid, \irith which it is incompatible, is often reduced.
This is known as surface exclusion (Watanabe et al^., 1964a), 
and it was this phenomenon which was used to attempt further 
classification of the C.T. 3A strains, the Luton strains and 
the Aberdeen strains.
A selection of 15 strains, each carrying a plasmid be­
longing to one of the recognized compatibility groups, was used 
as the standard recipient strains, together with K12 to act as 
a control. This group, although exhibiting fifteen different 
compatibility types, proved to have its limitations. Not all 
the available plasmid incompatibility groups were included.
A more complete list, showing a set of 26 different types, 
was described by Novick et al. (1976).
Occasionally, the donor strain showed the same sensitivity 
as the standard recipient and hence could not be tested for 
that compatibility group. This was seen with the Luton and 
Aberdeen outbreak strains, where standard strain No. 2 and 
standard strains Nos. 2 and 11, respectively, were omitted 
because of the similarity of the sensitivity pattern.
Additional strains for each compatibility group, showing a 
variety of antibiotic sensitivity patterns would be an advan­
tage. The only way the donor's resistance(s) might be dis­
tinguished from those of the standard recipients would be by
M.I.C. determination of the relevant resistance(s). The 
M.I.C.s of the six antibiotics for each of the standard strains 
were known (See Material and Methods - Section 8), but this 
would prove rather tedious and could not be adopted as a routine 
method.
The 108 C.T. 3A Sh. sonnei strains from London were tested 
against the fifteen standard strains, and K12, to see whether 
an exclusion pattern could be demonstrated, and the plasmids 
concerned assigned to a compatibility group. It was very 
difficult to decide whether exclusion to any of the fifteen 
standard strains had occurred when transfer to K12 was poor.
This perhaps was the limitation of the simplified technique, 
where transfer to a recipient was measured as degrees of growth. 
In the method of Coetzee et al. (1972), relative frequencies of 
R factor transfer into a strain of K12, withor without a 
second plasmid under test, were calculated. (This would prove 
very useful in the case of the low transfer strains, but could 
not be adopted on a routine basis.) They carried out a more 
detailed investigation than that described in the present study. 
After mating, and calculating the relative frequencies of R 
factor transfer, the recipient colonies were tested for resis­
tance markers of each R factor, resident and newly acquired.
When both factors were present, a number of colonies were 
tested for the continued carriage of these factors. This 
method for the determination of the different compatibility 
groups has also been used by Hedges eit al. (1973) and Hedges 
et al. (1975).
Those strains showing exclusion to the No. 6 standard 
recipient, and thus demonstrating the presence of an Id type 
of plasmid, represented the largest group, i.e. 49.07 per cent, 
of the London C.T. 3A strains. The low transfer strains formed 
the next largest group, with 38.89 per cent, of the isolates 
examined showing this low transfer ability. These strains 
might also have carried an Id plasmid but the low transfer 
rate made it impossible to confirm this.
The remaining 12.04 per cent, of the isolates included 
those strains showing exclusion with 1, 2, 3 or more other 
standard recipients, and those showing exclusion with none of 
the fifteen strains. This variation in the exclusion pattern 
might have been due to technical error and on re-testing, it 
might have been possible to demonstrate exclusion with the 
No. 6 recipient only. There was also a possibility that these 
strains were in fact different from the low transfer strains 
and from those carrying an Id plasmid.
The 'no exclusion* strains reflected the limitations of 
the set of standard recipients. This pattern of no exclusion 
might likewise have been due to experimental error or to the 
presence of other compatibility groups (not included in the 
list of 15) existing within the C.T. 3A strains. However, 
this group formed only 6.48 per cent, of the total C.T. 3A 
isolates.
The search for the Id plasmid and the low transfer strains 
was extended to other C.T. 3A strains sent to the Guildford 
laboratory during 1972, 1973 and 1974, from London and other
parts of England and Wales. Many of these (43.85 per cent.) 
were shown to carry the Id plasmid and 29.83 per cent, of the 
isolates proved to be low transfer strains. Exclusion with 
1, 2, 3 or more standard recipients represented a total of 
14.04 per cent, and the 'no exclusion1 pattern occurred in 
twice as many strains than the previous investigation, i.e.
12.28 per cent.
Because of the limited list of the compatibility groups, 
the 'no exclusion* strains should perhaps have been tested 
against each other to demonstrate any type of exclusion pattern. 
This being the case, a new compatibility group might have been 
discovered, existing only in Sh. sonnei. The reason for not 
pursuing this phenomenon was that this particular group repre­
sented a small fraction of the total C.T. 3A strains, and was 
thought not to be important epidemiologically.
A selection of the remainder of the 1972 London strains, 
i.e. not the typical C.T. 3A, S (R) (R) R (R), was tested to 
see whether they also could be subdivided into one of the three 
groups, Id compatibility group, low transfer or *no exclusion*. 
The Id plasmid occurred in 61.70 per cent., 31.92 per cent, 
showed low transfer and *no exclusion* was seen in 6.38 per cent 
of the total. No strains were found to be excluded by more than 
one standard recipient, perhaps indicating an improved technique 
It was thus deduced that the Id plasmid not only accepted as its 
host the C.T. 3A strains, but a large variety of strains with 
differing colicine, sensitivity and transfer patterns.
Two further outbreaks were investigated to see if the Id
plasmid was common to all Sh. sonnei strains.
One hundred strains from the Luton outbreak were tested 
against fourteen of the standard strains, and showed 97 per 
cent, of the C.T. 0 strains to belong to the compatibility 
group Id, with 2 per cent, showing no exclusion and the remain­
ing 1 per cent., the low transfer variety.
The investigations were extended to the Aberdeen outbreak 
to see whether the Id compatibility group was universal through­
out the Sh. sonnei group. A different exclusion pattern 
occurred with the Aberdeen strains, showing a total absence of 
the Id plasmid. The presence of a plasmid of the K compatibility 
group was found in 42.25 per cent, of strains and 24.65 per 
cent, showed a combination of an A and a K plasmid. The strains 
carrying the K plasmid initiated the outbreak, while the com­
bination plasmid of A and K emerged during the course of the 
investigation. A total of 28.17 per cent, showed a variable 
exclusion pattern and 4.93 per cent, showed no exclusion.
There appeared to be no reports of examination of Sh.sonnei 
for the presence of plasmids belonging to the different com­
patibility groups, as a tool for further epidemiological 
classification. A strain of Shigella dysenteriae 1, which 
caused the huge outbreak in Central America from 1968 onwards, 
carried an R factor, conferring resistance to chloramphenicol, 
streptomycin, sulphonamide and tetracycline and was found to 
belong to compatibility group B (Anderson and Threlfall, 1974).
In Shigella flexneri, a large majority of R factors belong to 
group FII (Watson, 1967; Yoshikawa et al., 1971).
Other organisms have been investigated for their plasmid 
classification; compatibility group P occurring in Pseudomonas 
aeruginosa (Datta et al., 1971a); compatibility groups N, T,
W and J in Proteus rettgeri (Coetzee et al., 1972); compatibility 
groups N, FII, FI, X and M in Proteus morganii (Hedges et^  al.,
1973); group P in Bordetella bronchiseptica (Hedges et al•,
1974) and compatibility groups S, L, C, FII, P and M in 
Serratia marcescens (Hedges et a]U, 1975).
The three compatibility groups found in this study of 
Sh. sonnei were included in the list of standard plasmids used 
by Hedges ejt al. (1974). The 'Id* compatibility group, in­
volving the plasmid R144, was discovered by Lawn et al. (1967) 
and was designated the *If compatibility group. Further 
divisions of this group were later made by Hedges and Datta 
(1973) and Datta and Hedges (1973a), when compatibility groups 
Io£, Ifi , I $ and I to were introduced. The plasmid R144 of 
this study belonged to I©C. Grant and Pittard (1974) isolated 
plasmids from faecal E. coli of calves, pigs and chickens, 
belonging to this compatibility group I.
Hedges and Datta (1971) and Datta and Hedges (1973b) 
tested the plasmid RA1 against other plasmids and found that 
it constituted a group distinct from other R factors examined 
at the time. A new compatibility group was founded, namely 
compatibility group A.
The K compatibility group of this study, having as its 
standard plasmid R387, was discovered by Hedges and Datta (1971).
4. The Outbreaks
The above typing methods were employed to investigate a 
collection of Sh. sonnei strains isolated in London in 1972, 
Luton strains and Aberdeen strains.
4.1. The London Outbreak
Two main outbreaks occurred in London, involving the strains 
C.T. 3A S (R) (R) R (R) and C.T. 3A S S S R S, giving rise 
to two widespread epidemics over the whole area during 1972.
The epidemiology of the remainder of the dysentery strains 
in London was characterized by local outbreaks, sometimes 
spreading into neighbouring areas, rather than widespread 
epidemics.
Comparing the two C.T. 3A strains, it can be seen that 
they each demonstrated a C.T* 3A pattern and both showed sensi­
tivity to sulphonamide and non-transferable resistance to 
ampicillin. The only apparent difference would appear to be 
in the possession of an R factor(s), exhibiting transferable 
resistance to streptomycin, tetracycline and neomycin, in the 
case of the C.T. 3A S (R) (R) R (R) strains. It was thus 
thought that the C.T. 3A S S S R S strain might have been the 
parent strain which, during the outbreak, acquired an R-factor 
conferring transferable resistances to St, Te and Ne. Con­
versely, the situation might have occurred where the C.T. 3A 
S (R) (R) R (R) was the originating strain and, during the 
course of the outbreak, lost its plasmid, becoming the C.T.3A 
S.S S R S strain. Davies et al. (1968b) have shown that the 
colicine type and the antibiotic resistance pattern of
Sh. sonnei may change during the course of natural spread of 
infection in man.
The former theory of plasmid acquisition would seem the 
more probable. To further support this hypothesis, it was 
seen that a small number of C.T. 3A strains with different 
sensitivity and transfer patterns occurred, all of which could 
have arisen from an S S S R S parent:-
s (R) S R (R)
No. of 
isolates
1
s S (R) R S 2
R (R) S R S 1
(R) (R) (R) R (R) 1
S (R) (R+) R (R) 2
R S S R S 1
All the strains possessed a non-transferable ampicillin resist­
ance with additional resistance determinants, both transfer­
able and non-transferable, to the other antibiotics. On the 
other hand, the strain R R (R+) S (R) also of C.T. 3A, could 
not have originated from the C.T. 3A S S S R S *parent* 
strain as it did not possess non-transferable resistance to 
ampicillin.
This multi-resistance of St, Te and Ne and also the other 
resistance determinants in the strains mentioned above were 
probably acquired by conjugation from the Enterobacteriaceae 
present as part of the normal intestinal flora. Datta (1969) 
isolated antibiotic resistant strains of E. coli from 52 per 
cent, of a group of patients from the London area awaiting 
non-urgent surgery and showed that many of these strains could
transfer multiple resistance. Davies et al. (1968b) demon­
strated that strains of Sh. sonnei could acquire new transfer­
able resistance in vivo. Given that there is a suitable donor 
of resistance in the gut, transfer of this resistance to a 
pathogen may happen spontaneously but would undoubtedly be 
encouraged by exposure to an appropriate antibiotic, since 
this would favour survival both of the donor and recipient.
If the donor can transfer resistance to several antibiotics, 
then treatment with any one of them might result in selection 
of recipient pathogens with multiple resistance. Once 
Sh. sonnei has acquired a new resistance, this will tend to 
breed true, i.e. there is little tendency to spontaneous loss 
of acquired resistance.
The clinician treating a patient with acute diarrhoea 
will usually begin with symptomatic treatment, paying attention 
to fluid loss and electrolyte balance. He may also prescribe 
the antibiotic of his choice or, if a specific pathogen (i.e. 
Sh. sonnei) is identified in the faeces, an antibiotic to which 
the organism is sensitive in vitro. This was perhaps the case 
with those patients suffering from Sonne dysentery and ex­
creting the strain, C.T. 3A S S S R S. After treatment with 
any of the antibiotics to which the above strain was sensitive, 
the necessary selection pressures were provided for the multi- 
resistant strain, C.T. 3A S (R) (R) R (R) to emerge and 
become the more abundant type.
In addition to the result of treatment of the Sh. sonnei 
with antibiotics, other factors are thought to be involved in
making a strain ■successful’ in a population. The infecting 
dose is obviously a major factor; the lower the infecting 
dose, the less the number of organisms required to cause in­
fection. Virulence also contributes to the success of an 
organism since the more virulent a strain is the more likely 
it is to cause onset of symptoms of Sonne dysentery. The 
relative success of any one of these factors is dependent to 
an extent on chance. For example, the geographical location, 
the person and time of infection will each affect the size of 
the outbreak.
The distribution of the two C.T. 3A strains showed the 
C.T. 3A S (R) (R) R (R) strain to have been isolated from a 
great number of districts within the London boroughs. Farrant 
and Tomlinson (1966) showed that different strains of Sh.sonnei 
varied in their ability to spread widely through the population.
Both outbreaks of Sh. sonnei infection exhibited a winter 
predominance. This was in accordance with the observations of 
Thomas and Tillett (1973) who showed .that Sh. sonnei infection 
tended to follow the school year, with its large September 
intake of susceptible 5 year olds. A few cases in October 
were often followed by outbreaks”later in the winter.
Bradley ert al. (1958) claimed that the incidence of Sonne 
dysentery gradually increased throughout the winter, reaching 
a maximum in the spring and declining in the summer. This 
phenomenon might have been observed with the London outbreak 
had the period of examination been extended into the next year, 
1973. The lack of both C.T. 3A strains in the first quarter of
1972 showed that the onset of the outbreaks had not yet begun.
This phenomenon of seasonal variation of Sonne dysentery 
could not be demonstrated for the Luton and Aberdeen outbreaks 
as these strains were sent to the Guildford laboratory at the 
convenience of the laboratories concerned, and thus a true 
picture of the time of isolation was not seen.
4.2. The Luton outbreak.
The Luton isolates showed an outbreak of Sonne dysentery 
caused by a C.T. 0 strain, sensitivity pattern (R) (R) S (R+) (R), 
97 per cent, of which demonstrated a plasmid belonging to the 
compatibility group Id.
4.3. The Aberdeen outbreak.
The Aberdeen outbreak showed an initial predominance of a 
plasmid belonging to the K compatibility group, with the emer­
gence of a strain having an A and K plasmid. A great varia­
tion in the exclusion patterns was also seen. This variability 
might have been attributed to the low transfer ability of the 
strains, shown in the rate of transfer experiment. The reduc­
tion in the transfer kinetics, however, did not interfere with 
the interpretation of the exclusion patterns produced by the 
other C.T. 4 strains, as was seen with the C.T. 3A strains.
The reason for this difference was not known. Perhaps, the 
rate of transfer experiment gave unrepresentative results 
when first performed and if repeated would help to explain 
the complete absence of 'low transfer* strains.
It would appear that an entirely new strain with the 
same colicine, sensitivity and transfer pattern, originating
from a different source, was introduced into the outbreak and 
was later found to outnumber the strains carrying a plasmid 
belonging to the K compatibility group. These strains carried 
a plasmid of compatibility group A and K.
The present study has demonstrated that the plasmids of 
Sh. sonnei can be classified according to their inability to 
enter a strain carrying another plasmid, with which they are 
incompatible. This technique of exclusion has shown the 
existence of plasmids belonging to three different compatibility 
groups, Id, A and K. The London and Luton isolates exhibited 
the Id plasmid whereas the Aberdeen outbreak of C.T. 4,
(R) (R+) R (R) R strains showed a division into the type 
K and the type A and K compatibility groups.
The technique of exclusion patterns proved to be quick 
and easy, and a result was obtained in one step, without the 
further picking and testing of progeny.
However, it also had its limitations which could be 
improved upon. The technique had firstly to be perfected and 
the same conditions present during each investigation. The 
15 standard recipient strains could be expanded, giving a 
more complete set of the available compatibility groups, with 
members of each group "showing different sensitivity patterns.
The donor strains being tested by this method had to 
possess transferable resistance(s), which excluded the London 
C.T. 3A S S S R S strains. Non-transferring resistance 
determinants can however be characterized by the specificity 
of their mobilization by transfer factors (Anderson and
Threlfall, 1974). Even this method completely excludes 
sensitive strains, thus making the further characterization 
of these strains more restricted and the ability to trace 
their sources more difficult.
Further work on the Aberdeen strains would be of value 
in determining the difference between the K and the A and K 
strains. This would hopefully present a clearer picture 
into their origin. Also an investigation into further Sonne 
dysentery outbreaks occurring in Great Britain and other areas 
of the world, using this exclusion pattern technique, could be 
carried out with the view to discovering further compatibility 
groups within the species Sh. sonnei.
The aim of typing in epidemiology is to trace a strain as 
it passes from one individual to another. In a sense, the word 
’typing1 is a misnomer, because all that is required is to be 
able to say with reasonable certainty whether two strains are 
the same or different. According to our present concepts, the 
species is a genetic unit consisting of a large intercommunicat­
ing gene pool. The individual is merely a temporary vessel 
holding a small portion of the gene pool for a short period of 
time (Mayr, 1963). This definition carries in itself the main 
limitations of typing, as we understand it in medical micro­
biology. All the methods employed in typing bacteria essentially 
yield information which is useful only for tight little outbreaks
i.e. for short periods of time and within a relatively small area
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